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 i 
Executive Summary 
 
Namibia is the most arid country south of the Sahara (Du Toit & Sguazzin, 1995). 
Rainfall, the main supplier of water, is very scarce.  Of the rainfall, 83% evaporates 
almost immediately, meaning that most of the rain Namibia receives is not even used 
(FAO, 2005). Therefore, it is necessary to conserve water resources as much as possible. 
In order to conserve resources people must be aware of the current water 
situation. Education about where water comes from, how it is treated, and how to 
conserve it is critical because it allows for economic progress and the understanding of 
one’s natural and social environment.  
Today, misconceptions about water exist throughout the capital city of Windhoek.  
During the apartheid era, around the 1950s, clean water was made available to white 
farmers and city dwellers but was not made available for use by black Namibians until 
independence in 1990 (Forrest, 2001). This oppression may be the reason some black 
Namibians believe that wealthier sections of Windhoek receive better quality water than 
poorer areas such as Katutura, a formerly all black section of Windhoek. (Seely, M., 
interview, March, 2005). 
Windhoek reclaims its wastewater to increase the available supply of drinking 
water. The Gammans Water Care Works and Goreangab Water Reclamation plants, 
which are part of the reclamation process, are found in Katutura.  Some residents believe 
that Katutura is the only part of Windhoek that receives reclaimed water.  This adds to 
the belief that there is discrimination with respect to water quality. In addition, some also 
believe that they should not have to pay for water since it is a natural resource and a basic 
human need. 
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The Desert Research Foundation of Namibia sponsored this project so that we, a 
group of students from Worcester Polytechnic Institute, could raise awareness of the 
water distribution and treatment processes in Windhoek.  The goal of this project was to 
clarify misconceptions we found to be prevalent regarding the quality of water distributed 
to the communities of Katutura by developing an educational presentation about the 
water treatment facilities.  The presentation was designed to cover the distribution 
system, water treatment processes, the importance of water recycling and the need for 
water conservation.  In order to achieve this goal, we completed several objectives. 
  First, we assessed residents’ attitudes toward and knowledge about water 
recycling, conservation, and the current water distribution system.  We developed a 
questionnaire and conducted seventy five interviews in low, middle, and high income 
sections of Katutura.  These interviews verified that these misconceptions do exist and 
helped us determine what topics to focus on while designing our educational 
presentation.  
During our interviews in Katutura, we found that thirty-two percent of people 
believe that there are differences in water quality throughout Windhoek.  Some of the 
reasons given supporting this misconception are that wealthier people are more respected 
and thus receive better quality water, or simply that water in other areas of the city tastes 
different. 
We did find that many people believe that water must be paid for because of 
maintenance costs of the water distribution network and extensive treatment processes. 
On the other hand, those people interviewed believe that water should be free because 
many residents are too poor to pay for water or because water is a gift from God and a 
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natural human right. 
 Next, we verified that water quality in different areas of Windhoek is indeed 
comparable in quality. We obtained the results of several water quality tests taken from 
2002 to 2005 by Scientific Services, the part of the Department of Infrastructure, Water 
& Technical Services for the City of Windhoek responsible for water quality testing.  We 
looked at a number of water quality parameters, including pH, conductivity, turbidity, 
total coliform and heterotrophic plate count and we concluded that all areas of Windhoek 
do receive water of the same quality. 
 Once we were able to verify that the water quality is consistent throughout 
Windhoek, we began designing our educational presentation. In order to educate people 
who may not speak English  and do not have a technical background, we had to design 
and construct educational tools, such as a model of one of the steps in water treatment, a 
poster of the water distribution system, and pamphlets about water recycling, distribution, 
and conservation.  If our presentation is to be given in areas where there is no electricity, 
these visuals will be invaluable. 
We also designed a lesson plan and conducted a pilot of our presentation to 
Immanuel Shifidi Secondary School in Katutura about Windhoek’s water distribution 
system, water recycling, and the importance of water conservation.  We surveyed the 
audience in order to gain feedback about what people learned and suggestions on how to 
improve our presentation. 
In completing this project, we verified that misconceptions about water in 
Katutura exist and began to raise awareness about the water distribution network and 
treatment processes in Windhoek. In order to continue educating residents of Katutura 
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and all of Windhoek about those topics, we have come up with a list of recommendations 
for the future. 
• Modify the current presentation 
Our pilot presentation to Immanuel Shifidi Secondary School was successful but 
could be improved with more visuals.  Water treatment processes are very difficult to 
explain and more visuals could help clarify the details.  Also, it would be desirable to add 
more information about conserving water.    
• Translate our pamphlet and lesson plan to other languages  
We found that the biggest difficulty we had in this project was the language 
barrier, especially when conducting interviews in Katutura.  By translating the pamphlets 
and lesson plan into languages widely spoken in Katutura, such as Otjiherero, 
Oshiwambo, and Afrikaans, a larger audience will be reached. 
• Train community leaders to conduct the presentation in their communities 
We believe that community leaders would be the best facilitators for conducting 
the presentation to residents in Katutura. The community leaders should be trained to 
present the instructional material we have designed, since they are usually trusted by the 
residents, therefore making the presentation more effective. 
• Integrate the water treatment and distribution awareness presentation as part 
of the curriculum in schools 
Eighty percent of the audience for our pilot presentation thought that it would be 
beneficial for others to learn about Windhoek’s water distribution and treatment. 
Integrating a program about the information we covered, regarding water quality and 
distribution, as part of secondary school curriculum in Windhoek would increase 
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awareness about water treatment and distribution in the city.   
• Involve stakeholders such as NamWater and the City of Windhoek to raise 
awareness about water distribution 
Many residents in Katutura said that they would like to hear information about 
water treatment and water distribution directly from the supplier, NamWater or the City 
of Windhoek. We think that it is a good idea to involve these stakeholders because the 
community may begin to trust them more if there is effort to communicate directly with 
residents.   
 
Education is the first step in resolving many of the water controversies existing in 
Windhoek. We believe that if our recommendations are followed, awareness about water 
treatment and the distribution system will be improved throughout the city and 
confidence in the water treatment will increase.   
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Abstract 
 
Namibia is the driest country south of the Sahara. The administration of 
Windhoek, the capital, predicts that by the year 2020, the water demand will be greater 
than the supply. Many residents in Katutura, a mainly black section of Windhoek, have 
misconceptions about the quality of water they receive. The goal of this project, 
sponsored by the Desert Research Foundation of Namibia, was to develop a presentation 
to educate residents of Katutura about the quality of their water. 
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CHAPTER 1: Introduction 
 
Namibia is the most arid country south of the Sahara (Du Toit & Sguazzin, 1995); 
therefore it is important for people living there to conserve resources such as water as 
much as possible.  In order to begin efforts to conserve resources, people must be more 
aware of their environment.  Environmental education is extremely important in countries 
like Namibia, providing for economic progress and the understanding of one’s natural 
and social environment.  Education about where water comes from, how it is treated, and 
how to conserve it is critical. 
In addition to aridity, another problem is Namibia’s annual population growth of 
over 3% (Schachtschneider, 2000).  It is predicted that increased water demand due to 
current population growth rates will cause the number of countries in Africa that qualify 
as water scarce to double in the next 30 years (Du Toit & Sguazzin, 1995).  Namibia 
already qualifies as one of these countries. 
In Katutura, the formerly all-black section of the Namibian capital, Windhoek, 
there are misconceptions regarding the quality of water.  According to Dr. Mary Seely of 
the Desert Research Foundation of Namibia (DRFN), there are people who believe that 
wealthier parts of Windhoek receive better quality water than poorer areas, such as 
Katutura.   
Misconceptions regarding the quality of water that reaches Katutura are shaped by 
history.  During the apartheid era, starting in the late 1950s, clean water was only made 
available to the whites who lived in Windhoek (Schachtschneider, 2000). Unfortunately, 
since such developments were focused on benefiting only whites, the government was 
not concerned with water conservation in Windhoek as a whole. A system of dams and 
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aquifers was used during the apartheid era to provide clean water to the white minority 
farmers and city dwellers, and was not expanded for use by black Namibians until 
independence in 1990.  This misconception may also stem from the fact that Windhoek’s 
water reclamation plants are located in Katutura.  Some residents of Katutura believe that 
the recycled water from these plants is not as clean as other sources, such as ground 
water, and is delivered only to Katutura.   
Another water issue is that a number of Katutura residents believe water is a 
human right and does not need to be paid for.  However, the distribution system and 
water treatment processes are expensive.  Therefore, it is important to raise awareness 
about why clean water costs money to help people understand why they must pay.   
The goal of our project was to clarify misconceptions regarding the quality of 
water distributed to the community of Katutura, by developing an educational 
presentation about water distribution and treatment facilities of Windhoek.  In order to 
educate residents about the water distribution system, we investigated Namibia’s overall 
water situation as well as the distribution system. Namibia only has five perennial rivers 
that flow during all seasons, and these run along the borders of the country, making it 
difficult for areas in central Namibia to access water.  
Another source of water is ephemeral rivers, which are not reliable since they 
only flow for a short time after rainfall. The rainfall is sporadic and evaporates very 
quickly, allowing only about 1% of Namibia’s rainfall to recharge groundwater (Du Toit 
& Sguazzin, 1995).  For these reasons, access to water has always been a socio-political 
issue in Namibia.   
When there is a limited supply of something as critical as water, there is a need to 
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find a way to make it last.  A reclamation system has provided Windhoek with additional 
potable water since 1968 (Heyns, et. al., 1998).  Sewage is treated at Gammans Water 
Care Works and the effluent either goes to irrigate fields and parks or to be further treated 
at the Goreangab Reclamation Plant to produce potable water.   
It is essential that people in Namibia and other arid regions become aware of the 
severe water shortage because each person has an impact on the supply.  If all 1.8 million 
Namibians are educated about water conservation and act upon this knowledge, there 
would be substantial savings.  Therefore, education is a key factor in helping to manage 
water.  
  To help us design a successful educational presentation, residents’ attitudes and 
knowledge regarding the water reclamation plants, the water distribution network, water 
recycling, and water conservation were assessed.  We utilized an effective method of 
teaching a culturally diverse audience about water to help us overcome language and 
cultural barriers.  To effectively complete our goal, we used a number of visuals.  We 
built a small model of the trickle filter to help demonstrate a stage of the water 
reclamation process that is easy to understand. 
Acceptance of technology by a society is just as critical as its development. An 
extraordinary technology may be developed, but if people do not trust it enough to use it, 
then it is useless. Therefore, our presentation was designed to teach about the water 
distribution system and the technology of the reclamation plants in a way that highlights 
the quality of potable water received by all of Windhoek.  It considers the concerns of our 
audience in order to raise awareness about water conservation and to increase acceptance 
of the water reclamation process.  
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CHAPTER 2: Research Context and Background  
 
The inadequate water supply in Namibia is caused by its arid climate, as well as 
by increased population and urbanization.  Recycling greywater, or wastewater from 
residential areas, is one method of conserving the little drinking water available. The 
recycling system used at the Goreangab Water Reclamation Plant accomplishes this by 
supplying reclaimed water to Windhoek.  In order to develop an educational presentation 
to clarify misconceptions about water quality in Katutura, a formerly all black section of 
the city, we needed to understand how water is treated and distributed, as well as the 
history of Windhoek’s water treatment systems.  In this chapter, we will discuss a range 
of aspects relevant to our project, such as Namibia’s climate, the history of Katutura, 
community development and education, the old and new water distribution systems of 
Windhoek, and trickle filter technology.  Background about these topics will help the 
reader gain a better understanding of the importance of this project. 
 
Namibia’s Arid Climate 
 
Located on the Atlantic coast of southern Africa, Namibia is an arid country of 
824,290 sq km with just 30% of the land able to sustain agriculture (FAO, 2005).  
Merriam-Webster defines arid as, “excessively dry; specifically: having insufficient 
rainfall to support agriculture,” making the term very fitting for this desert nation. Only 
3% of the country is not considered arid (Du Toit & Sguazzin, 1995). 
Rainfall, the main supplier of water for most countries around the world, is scarce 
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in Namibia.  The cool Benguela current from the Atlantic Ocean does not allow the air to 
carry much moisture, and therefore prevents rain from falling inland.  When rain does 
come, however, it comes in the form of scattered, intense thunderstorms.  Intense rainfall 
like this is problematic because it leads to potential flooding, causing the rain from those 
storms to be mostly useless.  In the northeast, which is not as arid as the rest of the 
country, rainfall can add up to over 600 mm per year.  In drier areas, rainfall may only 
reach maximums of 100 mm annually.  Of the overall rainfall in Namibia, 83% 
evaporates almost immediately or never reaches the ground and 17% is surface runoff.  
Of the runoff, 1% replenishes groundwater; 14% goes to plants and is released through 
evapotranspiration, that is, water released to the air from soil and plants; and only 2% 
goes to lakes and ponds (FAO, 2005).  The reason why so much rain evaporates so 
quickly is the dry environment.  Even if there were unlimited rainfall, the air is so dry 
that, on average, about 3000 mm of water per year would evaporate, which is an amount 
far greater than that of Namibia’s rainfall (Du Toit & Sguazzin, 1995).   
Rivers are normally a very important asset to a country’s water supply.  The lack 
of internal perennial rivers adds to Namibia’s water problems. The only perennial rivers 
in Namibia are the Orange, Kunene, Okavango, Kwando-Linyanti-Chobe, and Zambezi   
(Du Toit & Sguazzin, 1995).  They are located on international boundaries and the water 
that Namibia is allowed to take is limited and shared with neighboring countries.  There 
are also a number of ephemeral rivers which only flow during rainy periods, often in the 
form of floods, and are very unreliable.  The lack of water supplies caused by these 
conditions creates a difficult future for the people of Namibia.  Windhoek has taken 
measures to promote conservation awareness through educational programs and by 
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constructing the first wastewater reclamation plant in the world in order to increase water 
supplies in the city. 
 
 
Katutura 
 
In order to understand some of the water problems found in Katutura, such as the 
misconception that all of Windhoek does not receive the same quality water, it is 
necessary to understand the history of the area.  From the end of World War I until 1990, 
Namibia was under control of South Africa. The South African government 
institutionalized the racist practices known as apartheid.  
Since the late nineteenth century, blacks had been separated from whites into 
certain areas referred to as “locations.” In 1913, blacks living in Windhoek were moved 
to two locations that the municipality had established the year before, known today as the 
Old Location and Klein Windhoek (Pendleton, 1994).   
The city grew and expanded closer to the non-white areas, such as the Old 
Location, which were feared to be disease ridden. In the 1920s, the South African 
government and the municipality of Windhoek discussed establishing a new location 
right outside the city of Windhoek where non-whites would be moved. In the mid-1950s, 
the proposed plans became a reality. This new location was Katutura, which was 
supposed to provide for better housing and sanitation for the relocated blacks. However, 
residents of the Old Location did not want to relocate. They felt that the longer distance 
from the city, more expensive housing, loss of personal property, and abandonment of 
their life in the Old Location would not be worth the supposed gain. Life in the Old 
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Location was simple, but comfortable. The strong sense of community led to a life filled 
with laughter and happiness (Pendleton, 1994).  
Resistance grew as the closure of the Old Location came nearer and families still 
refused to move to Katutura. On December 3, 1959, a group of Herero women conducted 
a protest march to the private house of an administrator and four women were arrested. 
This was followed by a boycott of municipal operated facilities and a protest that resulted 
in a police confrontation with 13 deaths and 42 injuries (Jafta, et. al., 1995). The 
resistance continued up to the last week that the Old Location was open to its black and 
colored residents. But by the closing of the Old Location in August 31, 1968, more than 
3,000 Namibians were force to move to Katutura (Pendleton, 1994).  
The residents of Katutura have reason to doubt that the water quality is the same. 
During the apartheid era, many blacks and coloreds were denied safe drinking water.  
Poor quality water, bad living conditions, and many other injustices during apartheid are 
all reasons why many blacks and coloreds currently do not completely believe that they 
are being provided with the same standards as whites (Forrest, 2001). 
Katutura is now a diverse community with several different demographic 
sections. The people of Katutura are from various tribal backgrounds and have many 
different cultures, which creates language barriers that make communication difficult. We 
considered these disparities in working with residents of Katutura and implementing a 
community development approach. 
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Community Development 
 
 
Community development is a “structured intervention that gives communities 
greater control over the conditions that affect their lives” (CDF, 2005).  In Community 
Development: Putting Plans into Action, Hennie Swanepoel gives a detailed description 
of the process. He says that community development is not intended to solve the 
numerous problems that face a community; it is geared towards increasing the 
community’s confidence and ability to tackle such problems.  The purpose of community 
development is to take two groups of people with a common interest and need and join 
them for action on a subject for the greater good of the public. These two groups are the 
action or target group and community worker group. In our project, we are the 
community worker group, or outsiders going into Katutura and helping the area by 
raising awareness about water; and the residents of Katutura are the action group, the 
people being directly affected. 
Since community development is a learning process, it is essential for the 
community to take initiative when completing a project. This is difficult for many 
undeveloped communities because they do not have confidence or leadership structure to 
be able to complete important developmental tasks. The community worker’s job is not to 
simply produce something for the residents, but to help them complete each step of the 
project. The residents learn from the community workers about how to handle future 
problems and eventually become members of a self-sufficient community that can take 
hold of their own development. 
In order for a project that involves community development to have continuing 
influence, educational instruction is of major importance. As mentioned before, 
 9 
community development is a learning process. The community worker needs to decide 
what residents need to learn to avoid teaching them something they already know. This is 
called “needs identification.” For many communities in Namibia, especially Katutura, 
there is a need for knowledge about the water treatment systems and the quality of water 
provided. With this knowledge the community can then promote the concepts of water 
conservation and the need to pay for water to ensure a clean water supply. By involving 
schools and community leaders in the education process, important messages and 
information comes from an already trusted source, thus making the residents more apt to 
accept the information being given to them.  
 
Environmental Awareness Education 
 
People often assume that technology alone can overcome an environmental 
obstacle. Namibian residents many times believe that the next year will be better, in terms 
of rainfall.  Due to lack of planning for droughts, each year the government intervenes to 
help communities that are not prepared. Part of this problem of lack of preparation may 
stem from the fact that before independence, texts used in schools, as well as the media, 
were misleading in that both were from Europe and other areas where the climate was 
very different (Seely, 2001).  Therefore, people were often unaware of the harsh realities 
of their own environment.  
Since the early 1990s, actions have taken place to improve environmental 
awareness across Namibia, especially in Windhoek.  If people are directly affected, they 
will accept that certain issues must be dealt with (Haarhoff, 1996).  One effective way to 
directly affect people is to focus on their financial positions (Seely, 2001).  For example, 
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Windhoek implemented a pricing program in order to reduce the waste of water in the 
city (Du Pisani, 2004). On the other hand, many residents believe that it is a human right 
to have access to clean water and do not understand why they should pay for it (Seely, 
2001).   The Namibia Water Resources Management Review (NWRMR) was project, 
where a group of black politicians from Windhoek were taken to NamWater, Namibia’s 
main water supplier, to learn about all of the work that goes into the processes of treating 
water.  After the group learned what it takes, they understood why the water supply must 
be paid for (NWRMR, 1999). Today, NamWater, the Department of Water Affairs, and 
the Municipality of Windhoek, and the Legal Assistance Centre, are trying to increase 
knowledge and reduce water consumption, since sustainable development will be directly 
affected by the water supply (Seely, 2001).  
 
Water Contamination 
 
The World Health Organization (WHO) guidelines for clean drinking water list 
biological contaminants as some of the most dangerous. These include viruses, bacteria 
and parasites. Diseases such as cholera, diarrhea, malaria, typhoid, dysentery and 
hepatitis are just a few that are common from unclean drinking water.  In the WHO 
ninety-five different chemicals, such as arsenic and nitrates, were determined to have 
properties that present a high level of danger for human beings. These are found in 
various pesticides and disinfectants, which are used by people everyday and eventually 
enter the groundwater.  Namibia has a large problem with these contaminants because in 
many parts of the country there is no adequate disposal method for waste from humans, 
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industrial processes, and farming (WHO, 2000).  There is also a lack of proper education 
about waste disposal, whether it is from humans, animals, or pesticides that farmers use. 
Therefore, these contaminants build up and cause problems in the drinking water supply.  
Due to the level of contamination there is a need for water treatment. In order to 
treat water properly, a collection process and treatment facility must be supported. For 
the city of Windhoek, an intense treatment process converts wastewater produced by 
humans and returns it to potable water, as we have mentioned before (Heyns, et. al., 
1998). 
 
 
 
History of Water Treatment and Reclamation in Windhoek 
  
Windhoek was initially settled because of its hot and cold springs, but as 
population increased, the water table decreased.  The first city borehole was drilled in 
around 1912.  Groundwater was the only source of water for Windhoek until 1933 when 
the unreliable Avis Dam was built. Windhoek’s water sources began reaching their limits 
in the 1950s and there was a need to increase the water supply. The Goreangab Dam was 
built in 1958, along with a small plant to treat surface water. Following Goreangab, the 
Omatako, Von Bach, and Swakopoort Dams were constructed between 1973 and 1993 
(Du Pisani, 2004).  In 1960, Gammans Water Care Works was created to treat domestic 
and industrial wastewater.  Seven years later, the process used at that plant was modified 
to provide improved quality effluent to be treated at a future water reclamation plant.   
Reclamation of wastewater was one good way to increase the water supply, 
although it was a challenging to gain public acceptance of the system due to fears of 
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possible health risks (Lahnsteiner, et. al., 2003).  In 1968, a water reclamation system was 
implemented in Windhoek to reclaim water from the sewage effluent treated at 
Gammans. This system, the Goreangab Water Treatment Plant, went through many 
changes throughout the years to improve its performance, such as revised treatment 
sequences and optimized processes to produce a high quality of water and meet the 
Namibian standards.  The plant not only treats effluent from Gammans, but also water 
from the Goreangab Dam, which is often of worse quality than the treated sewage water 
as a result of pollution (Lahnsteiner, et. al., 2003).  As Windhoek’s population grew after 
independence, water demand began increasing beyond the supply capacity. Therefore, it 
became necessary to extend the reclaiming capabilities of the plant.  The capacity went 
from 4,800 m3 to 21,000 m3 of potable water per day (Haarhoff, 1996). This means that 
the plant is now able to supply 35% of Windhoek’s water, the maximum allowable 
amount of reclaimed water by the city’s standards (Du Pisani, 2004).  
 
Gammans Water Care Works 
 
As previously discussed, the Gammans treatment plant was built as a sewage 
treatment plant and now provides sewage effluent for water reclamation at the Goreangab 
plant.  The water also provides semi-purified water to be used for irrigating sports fields, 
parks and cemeteries.  The process of producing semi-purified water begins with raw 
sewage flowing into the plant. Large particles are filtered out by a screen where waste is 
delivered to a class 1 dumping site.  The water then travels to the primary settling tank 
where sludge settles to the bottom. The settling tank’s primary function is to separate the 
solids from the water. After this stage, the water goes to an anaerobic digester where 
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carbon dioxide and methane are released, the latter producing 40% of the electricity 
required to operate the plant (Heyns, et. al., 1998). The water goes through a trickle filter 
(sometimes called a biofilter), as shown in Figure 1, which is an attached growth system; 
meaning that microorganisms are attached to some kind of medium.  In this case there are 
two layers: the top is a coarse layer where organic materials are broken down and the 
bottom is a fine layer where nitrogen is removed (Dr. G. Lempert, personal interview, 
March 16, 2005).  The trickle filter will be discussed in more detail in the following 
section.  
 
 
Figure 1: Trickling Filters at Gammans Water Works 
 
 The water then filters into settling tanks and is mixed in an activated sludge tank 
(Figure 2), a suspended growth system where microorganisms are dispersed in the 
mixture along with oxygen, helping to break down organic material (UCLA, 2005).  
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Figure 2: Activated Sludge Process 
 
It then flows into clarifiers which hold the water for several hours, allowing for 
the solids to settle to the bottom. The sludge is then removed by a rotating scraper. The 
water continues to flow to maturation ponds where algae raise the pH, killing the 
remaining pathogens.  Finally, the water reaches the disinfection stage where chlorine is 
added.  The final product is of good enough quality for non-consumptive purposes such 
as irrigation. 
    
Trickle Filters 
 
 The trickle filter is an important attached-growth biological process used widely 
in sewage treatment.  There are several attached-growth technologies, but the trickle 
filter is most commonly used for treating wastewater (Metcalf, 1991). 
Trickle filters have developed greatly since their first operation in 1893. The 
 15 
original process was very inefficient, as it produced only a low quantity of water over a 
long period of time. The old technology also had problems with clogging (Metcalf, 
1991). 
 
Figure 3: Trickle Filter 
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The modern trickle filter is a bed that contains highly permeable media, such as 
slag, crushed rock, gravel, plastic, or ceramic (Figure 3). The media provide the 
microorganisms, which are found in the wastewater, a place to attach themselves as a 
biological film, and help physically remove large particles (Ricketts, et. al., 2004).  As 
stated by civil engineering professor, Jeanine Plummer of Worcester Polytechnic Institute 
(interview, Jan., 2005), wastewater is sprayed on by rotating arms or is poured into the 
bed. The filter used at Gammans uses the rotating arm method.  A collection unit 
accumulates water that is filtered through the medium. As the wastewater passes through 
the medium, microorganisms cause unwanted organic materials to be degraded and 
absorbed into the film. This film gets thicker as the number of microorganisms on the 
medium increase, blocking the food they need to grow and causing them to lose their 
ability to hang onto the medium (Metcalf, 1991). This is known as sloughing. The solids 
from this process are taken by a drain system to a clarifier to be removed from the water 
(EPA, 2000). 
There are many advantages of a trickle filter over other sewage treatment 
processes.  Benefits of this type of system include low noise level, odor, power 
consumption, and skill required for operation.  These are among the reasons why a trickle 
filter is used at Gammans Water Care Works. 
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Goreangab Water Reclamation Plant 
 
 
 
Figure 4:  Goreangab Water Reclamation Plant 
 
The Namibian Windhoek Goreangab Operating Company (WINGOC) sells water 
to the city of Windhoek that meets standards set by the World Health Organization, Rand 
Water, and the Water Quality Guidelines for Namibia, ensuring that the water is safe for 
consumption.  The Goreangab Water Reclamation Plant, shown in Figure 4, treats 
effluent from Gammans Water Works and the Goreangab Dam.  For purification of the 
wastewater, there is strict quality control at Goreangab.  
 
Goreangab Plant Processes 
 
At the Goreangab plant Willem Swartbooi gave us information regarding the 
plant processes (personal communication, March 18, 2005). The first process is Raw 
Water Blending where water from Gammans Sewage Treatment Plant and the Goreangab 
Dam are mixed.  Organic compounds may also be broken down here by the addition of 
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powder activated carbon. The water then travels to the Pre-Oxidation and Coagulation 
stages. In these steps, ozone may be added to help with coagulation of particles in the 
water, pH can be decreased by hydrochloric acid and ferric chloride can be added to help 
with the destabilization of particles, meaning that now the particles will be more likely to 
bond together making them easier to remove.      
The water flows into flocculation tanks where it is slowly stirred in order to bring 
particles together so they can be filtered out. These clumped particles are called floc and 
can now be taken from the water, which is done using microscopic air bubbles which 
adhere to the clumped particles to produce a scum layer on the surface of the water in the 
dissolved air flotation stage. This layer is removed and the cleaner water flows to the 
sand filtration process which is mainly responsible for removing the rest of the suspended 
particles. The sand filter also removes metals, such as iron and manganese, by having 
caustic soda lye and potassium permanganate added to the water. These sand filters clog 
very easily after heavy operation and need to be backwashed to have the waste removed 
and discarded to a waste treatment facility.  
After the sand filters, the non-biodegradable dissolved organic compounds in the 
water are oxidized by adding ozone to the solution in order to change them into 
biodegradable dissolved organic compounds so that they can be metabolized by 
microorganisms prevalent in the water. The ozone also inactivates viruses and parasites. 
The amount of ozone left over in the water is removed by adding hydrogen peroxide, 
which ensures microorganisms are protected. The microorganisms are then used in the 
next step, called Biological Activated Carbon filtration, where the carbon provides a good 
surface for attachment.  The biodegradable material is partially broken down.  
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 The next stage is Granular Activated Carbon absorption, where the remaining 
dissolved organic compounds are degraded.  This produces potable water with low levels 
of dissolved organic compounds, which if found in higher quantities, have potential to 
produce health problems.  All remaining bacteria, viruses, and pathogens are removed in 
the next step, where ultra-filtration membranes strain anything larger than 0.45 
micrometers.  The final step, known as disinfection and stabilization, involves treating 
the water with chlorine to disinfect and adding caustic soda to correct pH.  The potable 
water produced is pumped to the New Western pump station where it is mixed with water 
from other potable water sources, such as Windhoek boreholes and the Van Bach 
Purification Plant.   
 
 
Windhoek’s Water Distribution System  
 
Many people living in Katutura believe that not all parts of Windhoek receive the 
same quality of water and that only Katutura receives reclaimed water, possibly 
stemming from the roots of apartheid or the simple fact that the reclamation plants are 
located in Katutura.  However, the truth is that all parts of Windhoek receive reclaimed 
water except for Lafrenz and the Northern Industrial Area, which require only dam water 
for the industries due to the high salinity of reclaimed water, and have a separate contract 
with NamWater (B. Van der Merwe, interview, April 5, 2005).  All other areas receive a 
mix of reclaimed water and dam water and many areas in southern Windhoek have 
borehole water blended in as well.  Regardless of what source an area receives, the water 
quality still must adhere to the Namibian guidelines set in 1988 (J. Menge, interview, 
April 13, 2005).  We interviewed Jürgen Menge, the chief scientist of Scientific Services 
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at Gammans Laboratory with 25 years of experience in water infrastructure and quality.  
Mr. Menge explained that water from the Goreangab Reclamation Plant is blended with 
water from the Von Bach Dam and then flows to the North Western Pump Station. This 
mixture is roughly one third from the reclamation plant and two thirds from the dam. The 
blending is done to reduce the amount of dissolved organic carbon in the water.     
 
 
Figure 5: Windhoek's Water Distribution Network 
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 From the pump station (WPS) (Figure 5) the water flows into a series of reservoirs, first 
the Central Reservoir and then into the Avis, Low Level 1 and Ludvigdorf reservoirs. 
This water is mixed with the Pahl Quelle borehole water. These set of reservoirs supply 
mainly the central, western and eastern residential areas. In Figure 5, the water from the 
pump station flows into the Abattoir, Katlo, Okuryangwa and West Reservoirs. These 
reservoirs do not receive borehole water because they are not close to any boreholes.  The 
Klein Aub Boreholes and the reclaimed water supply go to the Pioneers Park and 
Olympia areas. Lastly, the Kleine Kuppe boreholes mix with the reclaimed water mixture 
in the HighSam , Auasblick, and Kleine Kuppe reservoirs which supply the South/South 
Eastern residential zones. The Abattoir1 and Lafrenz reservoirs supply the industrial 
areas. They are the only reservoirs that do not receive reclaimed water, because many 
industrial processes require lower salinity levels than reclaimed water can be brought to. 
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Figure 6: Map of Windhoek's Water Source’s 
   
Jürgen Menge (interview, April 13, 2005) stated that some sections receive more 
borehole water than others but borehole water is about 4% of the mixture that residents 
receive and is so small that it does not make a difference in water quality. Water quality 
in each borehole may be different due to pollution but these water sources are protected 
and tested regularly. 
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In order to understand misconceptions regarding water quality in Katutura, we 
first covered the aridity of Namibia to show that water is a large scale, national problem. 
We then covered some of the history of Katutura to gain an understanding about how 
blacks and coloreds in this area were oppressed, allowing us to see why some of these 
misconceptions about water exist.  Community development strategies were highlighted 
in this chapter because in order to go into an area as outsiders and educate residents, it is 
necessary to first directly involve and learn about the opinions of community members.  
We included an in-depth description of how water in Windhoek is treated and distributed 
in order to acquire sufficient knowledge to educate residents about those topics.  All of 
the information covered in this chapter is important for gaining an adequate 
understanding of our project. 
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CHAPTER 3:  Methodology 
 
The goal of this project was to clarify misconceptions regarding the quality of 
water distributed to the communities of Katutura by developing an educational 
presentation about water treatment and distribution in Windhoek.  The presentation was 
designed to stress the need for water recycling and the importance of water conservation.  
In order to achieve this goal, we needed to complete several objectives: 
1. Assess residents’ attitudes and knowledge about water recycling, conservation 
and the current water distribution system 
 
2. Investigate water quality in different areas of Windhoek 
 
3. Design and construct educational tools—a model, a poster, a water recycling 
game and pamphlets that will be used during the presentation 
 
4. Design a lesson plan and conduct a pilot presentation to a secondary school in 
Katutura about water distribution in Windhoek and the importance of water 
conservation 
 
In order to complete these objectives, we made use of various research methods to 
gain the information we needed to create an effective presentation.  This chapter will 
discuss those methods.   
 
Assessing resident’s attitudes and knowledge about water recycling and the current 
water distribution system 
 
To complete our first objective, we conduct interviews in Katutura.   We designed 
a questionnaire to help us evaluate residents’ knowledge and attitudes regarding water 
recycling, water conservation, and Windhoek’s water treatment plants.  Our sample 
included people from three distinct areas of Katutura with different income levels, in 
 25 
order to assure a diverse representation of the community.  We decided on low, middle, 
and high income regions based on personal communication with Mr. Joe Murangi of the 
Volunteers Association of Windhoek and our translators, Mr. Jefta Ampueja and Ms. 
Mercia Kazohua. Twenty-five questionnaires were completed in each of the following 
areas: Goreangab and Havana, low income; Katutura Central, middle income; and 
Luxury Hills, high income. The questionnaire and the results can be found in Appendices 
B, C, and D   
The results of these interviews were analyzed to assess the general level of 
knowledge and attitudes about the topics covered in the surveys and identify specific 
questions to be answered.  The details of our analysis will be covered in Chapter 4.  The 
insight we gained from the interviews helped us complete our other objectives. 
 
 
Investigating water quality in different areas of Windhoek  
 
In order to address the misconceptions found in Katutura, we first had to confirm 
that the water quality was indeed the same in all areas of Windhoek.  Mr. Jürgen Menge 
from Scientific Services provided us with results of water quality tests conducted 
throughout the city between the years 2002 and 2005.  We looked at tests for the 
following parameters: coliform, turbidity, conductivity, heterotrophic plate count, and 
free chlorine. The five different geographical areas in which the tests were conducted 
include the residential areas north, west, central/east, and south and also the northern 
industrial area. Analyzing the results of these tests gave us the assurance that the water 
quality is comparable in all areas of Windhoek. 
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Designing and constructing educational tool: model, poster and pamphlets  
 
In order to design the visuals mentioned in our third objective, which helped make 
our presentation as effective as possible, we visited the two main water treatment plants 
in Windhoek: Gammans Water Care Works and the Goreangab Water Reclamation Plant. 
We learned about water treatment processes during these visits and through interviews 
with Dr. Günter Lempert of AquaServices and Engineering and Mr. Willem Swartbooi of 
the Goreangab Water Reclamation Plant. The knowledge we gained from those sources 
was applied in the design of our visuals regarding the water treatment process.  
The poster explaining the distribution system needed to be clear and pictorial to 
overcome language boundaries. The images included the dams, treatment plants, and 
reservoirs that Windhoek utilizes to supply residents with safe drinking water. A basic 
representation of the entire distribution system was shown by simple, hand drawn 
graphics. Arrows were used to depict the direction of water flow, allowing the viewer to 
clearly understand how water goes through the system and how the sources, plants, and 
homes are interconnected.  
 Pamphlets provided for a wide distribution outside of our direct audience of the 
information covered in our presentation. These pamphlets included information on water 
recycling, ways to conserve, and details on water treatment and distribution in Windhoek.  
In order to encourage daily conservation, tips about how to conserve at home were added.  
The need for water recycling was incorporated by having a section on Namibia’s water 
shortage and why recycling is necessary.  The pamphlets used language that is easy to 
understand and incorporated pictures and bright colors so as to be aesthetically appealing 
to the reader.  A copy of our pamphlet can be found in Appendix J. 
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We also built a model of the trickle filter step of Gammans Water Care Works. 
Our interview with Dr. Lempert, head of AquaServices & Engineering, the company that 
builds most of the trickle filters in Namibia, gave us a detailed description of how the 
trickle filter works and how it is constructed. We spent five days at the Gobabeb Training 
and Research Centre to study the trickle filter system and access its library resources.  
From the information we learned at Gobabeb and from Dr. Lempert we gained a better 
understanding of what materials we needed to build a model, such as filter media and 
valves. 
In order to highlight the importance of water recycling, we created an interactive 
game which was used in the presentation to keep our audience interested and involved. 
According to Natalie Davidson, head of the education program at Gobabeb Training and 
Research Centre, making a presentation interactive is an important factor in effectively 
educating an audience. We designed the game so that the participants could understand 
how Windhoek’s effort to increase the water supply through reclamation has been 
successful. A description of the game can be found in Appendix F.  
 
Designing a lesson plan and conducting a pilot presentation to a secondary school in 
Katutura about water distribution in Windhoek and the importance of water 
conservation 
 
Once we determined the attitudes and knowledge levels of the residents of 
Katutura, we were able to establish how detailed to make our educational presentation. 
Ms. Angeline Auses, a teacher from Immanuel Shifidi Secondary School in Katutura, 
invited us to visit her school to look at the water projects students have been working on 
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and to meet the principal and several of the students.  After visiting the school and talking 
to Ms. Auses, we decided to test our pilot presentation at Immanuel Shifidi. 
 In order for us to organize the presentation for Immanuel Shifidi as well as for 
future use, we designed a lesson plan which includes background information and 
instruction for each section for the facilitator. We included details on how the 
presentation should be given, allowing people not involved in the designing of the lesson 
plan to still effectively and accurately educate an audience about the topics of water 
treatment, conservation, and distribution.  
After we felt that the presentation covered all necessary topics, we visited 
Immanuel Shifidi and gave our presentation to 29 students and 2 teachers. To test the 
success of our presentation, we handed out a survey to the audience asking what they had 
learned, liked and did not like.  We also requested suggestions on how to change the 
presentation to make it more effective and enjoyable.  
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CHAPTER 4: Results and Analysis 
 
 
To effectively complete our project, we analyzed the results of surveys we 
conducted in Katutura to determine what misconceptions exist.  We then studied the 
results of water tests to determine the water quality level in different areas of Windhoek.  
Finally, we evaluated the results of surveys completed by the audience of our pilot 
presentation in order to determine ways to improve our presentation and learn what the 
audience liked and did not like.  The results are explored in this chapter. 
 
Surveys in Katutura 
  
In order to confirm the validity of what we had been told by Dr. Seely about 
misconceptions regarding water quality in Katutura, we had to analyze seventy-five 
interviews we conducted in that area.  We asked questions about the cost of water, the 
quality of water, conservation, and the water treatment plants.  The results of the surveys 
helped us verify the existence of misconceptions and what residents know about 
distribution and water treatment in Windhoek.    
 
The Cost of Water 
 
One misconception is that the water itself is being paid for, not the treatment and 
distribution infrastructure it goes through.  To evaluate how prevalent this misconception 
is and why it exists, we asked the question, “Should you be charged for the supply of 
water?” 
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Should you be charged for the supply of water?
4%
69%
27%
Both
Yes
No
 
 
Figure 7: Questionnaire Results 1 
 
 As seen in Figure 7, 69% of the interviewees felt the supply of water should be 
paid for.  Figure 8 displays the breakdown of reasons that people gave for their positive 
responses.   
Why be charged for water?
4%
12%
4%
8%
31%
21%
4%
16% Advancement
Basic Need
Expected 
Insentive to Save
Process
Service
Use It
Other
 
Figure 8 : Questionnaire Results 2 
 
The most common reason, at 31%, was that water needs to be paid for because of 
the expensive chemical treatment processes.  Twenty-one percent said that the reason was 
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because of the service and infrastructure. Sixteen percent of reasons are categorized as 
“other,” either because people said that they did not have a reason or because a unique 
reason was given. 
 The prevalence of these answers indicates that there are many people who realize 
that there are costly processes which clean and deliver their water. The other reasons 
given in support for paying for the supply of water were related to conservation, the need 
for water and hope for future changes. This indicates that people realize the value of 
water, especially those 8% of people who said that paying for water supply is an 
incentive to save. It was expressed by residents that if water were free, people would use 
as much as they wanted, thus not conserving.  
We relied primarily on our translators for interviews conducted in low income 
areas where most people spoke Otjiherero and Oshiwambo.  We believe that details of 
some responses, particularly for this question, since it is sensitive and complicated, may 
have been lost in translation.   
We analyzed the reasons for negative responses and found less variety than those 
for positive responses.  The breakdown of reasons is shown in Figure 9. The most 
common reasons water should be free, making up 40% of the negative responses, fell into 
the category we labeled “other,” including the belief that water is a gift from God and 
should not be paid for, and the rest could not think of a reason why they should not pay 
for water, but believed it should be free anyway. One person falsely stated that South 
African citizens do not pay. 
 Other reasons such as “basic need” or “the government should pay” tell us that 
people think that since water is needed for human survival, it should be provided to them 
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for free. Others expressed that they should not have to pay for water because it is too 
expensive. This means that they understand that the water supply must be paid for, but 
they believe they are being charged too much.  
 
Why should water be free?
25%
15%
20%
40% Basic Need
Govn't Should Pay
Can't Afford It
Other
 
Figure 9: Questionnaire Results 3 
  
 
The answers we received show that many people understand that water needs to 
be paid for because of the expensive processes involved in delivering safe drinking water.  
Raising awareness about how water is treated and distributed will help residents 
understand why water costs money. 
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Quality of Water 
 
Rate your quality of water: 
1=Poor, 5= Excellent
5% 7%
22%
26%
40%
1
2
3
4
5
 
Figure 10: Questionnaire Results 4 
 
Forty percent of people we surveyed said that they think their water is of excellent 
quality. Interviewees who gave lower ratings of three and four said that usually their 
water is acceptable, but is often brown and looks dirty. Graphs showing the ratings given 
by each income range separately can be found in Appendix D. Those graphs show that 
higher income areas believe their water is of a poorer quality. We did not find any 
connection between quality rating and whether or not residents think they should be 
charged for the supply of water.  
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Does Windhoek all receive the same quality 
water?
32%
27%
41% No
Not Sure
Yes
 
Figure 11: Questionnaire Results 5 
 
When asked if all of Windhoek receives the same quality water (see Figure 11); 
41% said yes, 32% said no, and 27% did not know.  We did not find a correlation 
between yes and no answers with respect to the respondent’s income level.  Reasons that 
people gave as to why they believed that all parts of Windhoek receive the same quality 
water, were that it all comes from the same source and that it all tastes the same. Reasons 
given for negative responses were that there are different dams and pipes for each area, 
that wealthier areas get better water because they are more respected, and that some 
people have traveled to other parts Windhoek and found that the water tastes differently.  
Some unique reasons were given for both answers, but they did not contribute to any 
trend or theme, and many may have been due to communication problems. 
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Do you boil your water prior to use?
66%
33%
1%
No
Yes
Yes and No
 
Figure 12: Questionnaire Results 6 
 
In order to determine whether residents trust their water is clean, we asked if they 
boiled their water prior to consumption. As shown, most people do not boil their water.  
Sixty-four percent of those who do not boil their water do not do so because they believe 
that it is already clean enough.  Other reasons for not boiling the water prior to use was 
that it was not worth the time and electricity.  Those who do boil their water prior to use 
boil it because they believe it is unclean.  Others only boil it if it seems dirty or if there is 
a baby or sick person in the household.  
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Water Conservation Questions 
How do you conserve water in your home?
11%
23%
29%
7%
30%
Close taps tight
Limited Use
Reuse
Safe Containers
Other
 
Figure 13: Questionnaire Results 7 
 
 When asked if they conserved water in the home, 92% of people interviewed said 
they did, and the few that did not either did not give a reason or said that they do not 
usually think of it. We noticed that those few people who do not conserve were almost all 
living in high income areas, supporting our hypothesis that the more money someone 
makes, the more water he or she can afford, and therefore that person conserves less. As 
shown in Figure 13, people most commonly conserve water by either reusing water or 
limiting how much they use each day. From these results, we know we do not need to 
focus much on why Namibia conserves, since people already know about the basics and 
importance of conservation.   
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How would you like to learn about water 
conservation?
4% 5%
1%
23%
21%3%
9%
34%
Any
It's common sense
Newspapers
Pamphlets
Radio
School
TV
Workshop
 
Figure 14: Questionnaire Results 8 
 
 In order to effectively spread environmental information, we asked residents 
which way they would prefer to learn about topics such as water conservation and water 
treatment.  Most people preferred to have someone come to their house or community 
and do a workshop with them. The ability to learn at home was important to people, like 
reading a pamphlet or hearing information on the radio.  We felt confident after these 
results that by presenting in a secondary school and then distributing pamphlets to 
students to take home to their families, we would cover a large audience. 
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Water Treatment Knowledge 
Have you ever been informed about water 
treatment?
41%
59%
Yes
No
 
Figure 15: Questionnaire Results 9 
 
Fewer than half of the interviewees (41%) said they have been informed about 
water treatment.  As seen in Figure 16, most people who had been informed said that they 
had learned about water treatment in school.  Only about half had heard of the treatment 
plants.  Since even fewer knew what they actually were, the need for an effective method 
of education about water treatment is evident. 
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How were you informed about water treatment?
52%
10%
6%
10%
6%
6%
10%
School
Newspaper
TV
Visits
Word of Mouth
Radio
Other
 
Figure 16: Questionnaire Results 10 
 
When we explained that Windhoek reclaims sewage water for consumption 
purposes and asked residents if they think that most people approve of this, the responses 
were mostly positive.  Some common reasons for a positive response were because the 
water is cleaned after the processes, that the interviewee has not gotten sick from the 
water, and that reclamation provides for more water. The people who thought most do not 
approve said so because they were uncomfortable with the origin of the water or because 
the water smelled or looked foul. We did notice that everyone who rated the water quality 
as poor also do not think most people in Windhoek approve of reclamation.   
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Do you think most people approve of the use of 
reclaimed water for drinking purposes?
3%
36%
61%
I don't know
No
Yes
 
Figure 17: Questionnaire Results 11 
 
When we asked if residents were comfortable with the concept of using semi-
purified water for the irrigation of fields and parks, we received varied responses and 
found that many were not aware of this practice. While most people were comfortable, 
there was still a significant distribution of responses amongst the other comfort levels. 
The varying levels of comfort are most likely due to lack of knowledge about how water 
is actually treated, but there was no correlation between comfort level and knowledge 
about Windhoek’s treatment plants. 
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How comfortable are you with Windhoek using 
semi-purified water for irrigation of fields, parks, 
and golf courses? (1=Totally uncomfortable, 5= 
Completely comfortable)
15%
13%
20%
12%
33%
7% 1
2
3
4
5
Undecided
 
Figure 18: Questionnaire Results 12 
 
Water Quality Testing 
 
Since we attempted to clarify the misconceptions regarding different water 
qualities throughout Windhoek we researched how the city of Windhoek maintains and 
tests for healthy water. We gained most of this information from the Department of 
Infrastructure, Water, and Technical Services.  
In this section, we compared the results of water quality tests taken in different 
areas of Windhoek. These tests allowed us to show that the same water quality level is 
maintained throughout the city and that all residential parts of Windhoek receive 
reclaimed water.  
The City of Windhoek has an extensive water monitoring program conducted by 
Scientific Services to protect public health. This is a program designed to ensure that the 
consumer receives a reliable supply of water and that this water is clean upon arrival at 
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the destination. 
In order to monitor water quality, samples must be taken from all over the 
distribution network. Samples are taken at the sources, reservoirs, critical distribution 
areas, and important distribution areas and public institutions. There are also about 60 
different samples taken at various end user points. These samples are taken at intervals 
ranging from a day to a year depending on the parameter and the location that is being 
tested. 
 When testing the drinking water supply, it is necessary to know about its aesthetic 
quality, microbiology, stability, and chemical composition.  Tests for acute and chronic 
health risks and organic materials in the water are taken because reclaimed water is being 
used.  Acute health risks are those that have an immediate effect on health while chronic 
health risks cause problems, but not immediately. 
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Table provided by Mr. J. Menge of Scientific Services 
 
Table 1: Water Quality Parameters 
 
In Table 1, the Official Journal of the European Communities (EU) guidelines of 
1998, the South African Bureau of Standards (SABS) of 1999, the WHO guidelines of 
1993 and the Namibian guidelines of 1988 are used to evaluate the results of water tests 
in Windhoek from January 2002 to August 2004.  In the table, the guideline limit is set in 
the blue guideline (GDL) box. COM is the percentage of the water that complied within 
the limit.  A sample must comply 95% of the time over the period of investigation to 
pass.  
Sample Parameter EU1998 SABS1999 WHO1993 Namibia1988 
  GDL 
COM 
GDL 
COM 
GDL 
COM 
 GDL 
COM 
Sources Total Hardness 
(mg/l) 
- - 326 100 500 100 300 100 
Sources Ammonia (mg/l) 0.5 97.1 0.2 92.7 1.5 99.9 1 99.4 
Sources Nitrate (mg/l) 50 100 6 82.3 11 94.5 10 92.7 
Sources DOC (mg/l) - - 5 91 - - - - 
Sources Aluminium (mg/l) 0.2 100 0.15 100 0.2 100 0.15 100 
Sources Iron (mg/l) 0.2 95.5 0.01 81.8 0.3 100 0.1 90.9 
Sources Manganese (mg/l) 0.05 91.3 0.05 91.3 0.1 91.3 0.05 91.3 
Reservoirs Conductivity 
(mS/m) 
250 100 70 73.6 150 100 150 100 
Reservoirs Nitrate (mg/l) 50 100 6 100 11 100 10 100 
Reservoirs Chloride (mg/l) 250 99.6 100 86.8 250 99.6 250 99.6 
Reservoirs Sulphate (mg/l) 250 100 200 99.2 250 100 200 99.2 
Distribution Total coliform 
(/100ml) 
0 99.7 0 99.7 0 99.7 0 99.7 
Distribution Turbidity (NTU) - - 0.1 0 5 99.6 1 92 
Distribution THM (µg/l) 100 100 100 100 120 100 - - 
GDL: Limit for the respective guideline. 
COM: Percentage compliance within the guideline over the period of observation. 
EU: Official Journal of the European Communities.  Council Directive 98/83/EC, 1998, quality of water for human consumption1 
SABS: South African Bureau of Standards, 1999 
WHO: World Health Organisation, 1993 
Namibia: SWA / Namibia Department of Water Affairs, 1988. Guidelines for the Evaluation of Drinking Water for Human consumption with regard to Chemical, 
Physical and Bacteriological consumption 
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 According to the Namibian standards, turbidity, iron and manganese are slightly 
below the 95% compliance, but these are indicators of aesthetic water quality and do not 
involve a direct health risk. Windhoek’s water does meet the standards in total coliform, 
THM, aluminum, and nitrate. Total coliform is very important because it is an indicator 
of disease-causing microorganisms.  THM, aluminum, and nitrate are very hazardous and 
can cause severe, widespread health problems. Therefore, as can be seen in the table, 
Windhoek’s drinking water is of very good quality. It does not meet some of the strict 
SABS 1999 requirements, but nevertheless is of excellent quality according to the other 
guidelines.  
Another misconception about Windhoek’s water is that some of the wealthier 
sections receive a better quality than the poorer areas. The city of Windhoek takes water 
testing samples at many different locations around the city. 
Water quality is categorized by four different groups.  The A group represents 
excellent water quality. The samples taken must comply with the set value 95% of the 
time. The B group must have the samples comply 97% of the time with a lower set value 
than the A group and this represents good water quality. Group C is low risk water and 
must comply with a set value 99% of the time and Group D is unacceptable water quality. 
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Figure 19: Pressure Zones 
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We analyzed water quality tests results taken from five areas that are supplied by 
different reservoirs.  Township Group A (TGA) is coded in the tests to represent Abattoir 
1, Okuranyangava, and Katlo 1 reservoirs. Township Group B (TGB) represents the 
Abattoir 2 and the Lafrenz reservoirs.  Township Group D (TGC) includes Western 
Reservoirs 1 and 2 and Low Level Reservoir.  Township Group D (TGD) is the code for 
CR Out, LudwigAnna, Avis, and Elevated reservoirs.  Lastly, Township Group E (TGE) 
is code for Auasbl, KLKuppe, High Sam, P/Park, and Luiperdval reservoirs.  The 
location of these areas can be seen in Figure 19.  We analyzed four different sampling 
periods with tests taken in all of the listed township groups.   
First, the average turbidity level of each sample period of the water was compared 
with the guidelines for Group A at less than one and Group B at less than 5. Turbidity 
gives an indication of the efficiency of the water treatment process.  If the turbidity is 
greater than 1 NTU, this is an indication that something may be wrong with the water 
process. 
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Turbidity Versus Sampling Period
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Figure 20: Turbidity Test Results 
 
As seen in Figure 20, the turbidity is very similar for all different regions of 
Windhoek.  Section TGE fell into the B group during 2002, but this is still very good.  
In 2005, about 64% of the samples taken in the TGA section were found in Group A and 
the rest were in Group B. This means the turbidity for 2004-2005 was found in Group B 
which is acceptable. 
We also looked at the Heterotrophic Plate Count (cfu /mL) which gives an 
indication of adequacy of disinfection of a system.  According to the Namibian 1988 
guidelines, the water needs to be under 100, 1,000 and 10,000 for the A, B, and C groups 
respectively, and over 10,000 for the D group. 
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Figure 21: HPC Test Results 
 
In Figure 21 all of the HPC content is very close for all the areas and according to 
the average value for the sampling periods, the values fall within the A group. TGB is the 
only line that deviates from the rest but this is the industrial zone that does not get 
reclaimed water.  The rest of the residential zones are similar. 
We also compared the total coliform count results which gives an indication if 
pathogenic bacteria are present in the water. If these are present, fecal pollution has 
occurred and the consumer could be at risk. The Namibian guidelines of 1988 say that for 
the A, B, and C group were 0, 10, and 500 and over 500 cfu/100 mL for the D group.  
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Figure 22: Total Coliform Test Results 
 
It can be seen in Figure 22 that throughout the three year period, a minimum of 
96% of the samples measured 0 cfm/100 mL. This means that for all of the areas of 
Windhoek, the water quality falls within Group A for total coliform.   
 The next water quality parameter we looked at was conductivity (Figure K), an 
indicator of the total ion concentration in the water.  By measuring conductivity, the level 
of dissolved solids in the water can be determined.  For this parameter to fall within the A 
quality group, the level must be below 150 ninety-five percent of the time. Every section 
of Windhoek’s water falls within the A group. 
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Figure 23: Conductivity Test Results 
 
The last water quality parameter we looked at was free chlorine. This parameter 
indicates how adequate the water is being disinfected. Free chlorine is measured to show 
how much chlorine there is in the water to fight infection.  The Namibian guidelines state 
that free chlorine should be higher than 0.5 but less than 2 microgram / L for the A group. 
For the B group, it must be between 0.2 and 0.5 microgram / L, for the C group the free 
chlorine must be below .5, and for the D group the chlorine must be above 2. 
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Figure 24: Free Chlorine Test Results 
 
As can be seen in Figure 24, the average free chlorine values throughout the 
sampling period range from .10 to .81 microgram / L.  For the average values, this shows 
the different sections of Windhoek range between the A through C groups, but the values 
are generally very close together. 
Although the results of water quality testing in the different township groups are 
different, they still all represent a good quality of water and must comply with the same 
guidelines.  Reasons for differences in results may be different borehole water, and for 
the industrial areas, the absence of reclaimed water at all.  The deviations among 
township groups’ water tests do not support the claim that the quality of water in different 
areas is different. 
 
 
Educational Presentation 
 
With the results of the interviews conducted in Katutura, as well as those from the 
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water tests that we analyzed, we were able to design our educational presentation.  We 
presented it at Immanuel Shifidi Secondary School in Katutura on April 25, 2005, and 
surveyed the audience about the presentation.  We analyzed the results of these surveys to 
obtain comments that would help us improve the presentation and make it more effective 
and interesting for future audiences. 
We asked the audience to rate different parts of the presentation on a scale of 1 
(Poor) to 5 (Excellent).  The average for each part of our presentation is shown in Figure 
25.  We asked the students to rate the presentation overall, the introduction, which 
covered sources and some information on water recycling, the part describing the water 
treatment plants, the part about Windhoek’s water distribution system, the water 
recycling game, and the concluding section on water conservation. 
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Figure 25: Presentation Ratings 
 
The game, explained in Chapter 3, was played and it received the highest average 
rating of 4.29.  The audience enjoyed the game because it kept them interested and 
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involved in the presentation.  Many students said that they could clearly see the 
importance of water recycling after playing the game, which was its exact purpose.  The 
students also liked the poster of the distribution system, rating it at an average of 4.26.  
They told us that the poster clarified how the reservoirs, dams, boreholes, treatment 
plants, and homes are interconnected.  The students were also very interested and in the 
model of the trickle filter that we built, and several students even asked if they could have 
the model.  Due to the level of interest in all parts of our presentation, we believe it was 
effective.  We also believe this because some students later told us that they used our 
game in one of their own school projects later that week.  Eighty percent of the audience 
thought that we should present our educational materials to others into the community, 
other schools, and even other places in Namibia, which was another indicator of the 
success of our presentation. 
We asked if the audience learned anything new from the information we gave 
them and almost everyone said that they had.  Most people said that the water recycling 
process was new information to them.  The group also gave us suggestions on how to 
improve our presentation, which will be covered in Chapter 5.    
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CHAPTER 5: Recommendations and Conclusions 
 
After completing interviews in Katutura, investigating water quality in Windhoek, 
constructing educational tools, and conducting a pilot presentation at the Immanuel 
Shifidi Secondary School, we have developed recommendations for the DRFN.  We 
believe these recommendations, as well as the information found in this report, will be an 
aid in raising awareness about Windhoek’s water distribution system and water treatment. 
• Modify the current presentation 
• Conduct presentation in other schools  
• Translate the pamphlet and lesson plan into other languages  
• Train community leaders to conduct the presentation in their communities 
• Integrate the water treatment and distribution awareness presentation as part 
of the curriculum in schools 
• Encourage stakeholders such as NamWater and the City of Windhoek to raise 
awareness about water distribution 
Modify current presentation 
 
 We found that our pilot presentation at the Immanuel Shifidi Secondary School 
was successful since most students showed interest and enthusiasm.  From our own 
experience and from the surveys we gave to our audience following the presentation, we 
have developed several suggestions on how to improve the presentation to make it as 
effective as possible. 
• Use more graphics and posters 
• Add more information about conserving water 
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• Add a section on the effects of dirty water on humans, animals, plants, and 
industries 
• Develop a way to make the section on water treatment processes more interesting 
to the audience 
Using more graphics or posters will provide an additional way for the audience to 
understand the information, rather than only from listening. One student suggested that 
adding more information to the water conservation section would be useful and 
interesting.  Another thought that integrating a part about the effects and consequences of 
using dirty water would be interesting as well.  We believe that adding a part on using 
dirty water into our current presentation would stress the importance of water treatment 
and would be relevant to raising awareness on why clean water must be conserved and 
why water must go through such intense and intricate treatment processes.  Our last 
recommendation to improve our presentation is to make the descriptions of the water 
treatment processes more interesting, since they were rated lowest by the audience of our 
pilot presentation.  We believe more visuals in this section, such as posters detailing the 
steps of the treatment processes and expanding the trickle filter model to involve more 
steps found in the treatment plants, would be a solution.   
 
Conduct the presentation in other schools  
 
Eighty percent of the audience thought that it would be beneficial for others to see 
the presentation.  Many students said that other schools should hear the presentation, as 
well as other classes in their school.  In presenting to other schools, more people would 
gain greater awareness of the processes involved in the treatment and distribution of 
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water. 
 
Translate the pamphlets and lesson plan into other languages  
 
We found that the biggest constraint we had in this project was the language 
barrier, especially when conducting the interviews in the community of Katutura.  By 
translating the pamphlets and lesson plan into languages widely spoken in Katutura such 
as Otjiherero, Oshiwambo, and Afrikaans, communication barriers could be overcome.  If 
the presentation was given to the residents of Katutura of all ages and education levels, 
rather than only to secondary school students, the information distributed both verbally 
and in writing would affect a larger range of people. 
 
 
Train community leaders to conduct the presentation in their communities 
 
We believe that community leaders would be the best facilitators for raising 
awareness in Katutura. The community leaders should be trained to conduct the 
presentation, especially since residents would have greater trust in a community leader.  
Some residents we interviewed said that there are community meetings held at which 
community leaders may be able to give the presentation.  
 
Integrate the water treatment and distribution awareness presentation into the 
curriculum in schools 
 
 Making the presentation part of the secondary school curriculum in Windhoek 
would increase awareness about water treatment and distribution in the city.  We strongly 
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believe that making the presentation mandatory for secondary school students would be 
effective since 94% of the audience for the pilot presentation said that they learned 
something new.  Most students said that they did not know so many stages of treatment 
were involved in cleaning their water or they did not even know that Windhoek recycles 
water.   
We feel that integrating the water treatment and distribution awareness 
presentation into the curriculum in schools of Katutura, as well as the rest of Windhoek, 
will heighten awareness about those topics.  By working with the Ministry of Education, 
an integration of our presentation into the school curriculum may be possible. 
 
Encourage larger stakeholders such as NamWater and the City of Windhoek to 
raise awareness about water distribution 
Many residents in Katutura said that they would like to hear information about 
water treatment and distribution directly from the suppliers.  Involving NamWater or the 
City of Windhoek in water education activities would strengthen the trust between the 
community and these stakeholders. 
 
In completing this project, we have confirmed that many misconceptions about 
water quality in Katutura do exist. Also, from the information about water quality that we 
collected, we have shown that there is no discrimination in water distribution.  After 
conducting our pilot presentation, we have confidence that education for residents about 
Windhoek’s water distribution system will greatly increase with our recommendations. 
The information provided in this report is the first step in increasing awareness in 
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Katutura about water treatment. We believe that if these recommendations are followed 
through, awareness about water treatment and distribution will be raised throughout the 
city. With increased awareness, people will be more appreciative of their water, more 
willing to pay, and more apt to put the time in to conserve.   
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Appendix A: Desert Research Foundation of Namibia 
 
Mission 
 
“The DRFN empowers decision-makers at all levels through, capacity building, 
facilitation, knowledge generation and sharing in order to promote sustainable 
development.” (http://www.drfn.org.na/) 
 The Desert Research Foundation of Namibia (DRFN) serves the community of 
Namibia at different levels, including training clients and community, community 
development, and technological research. It focuses on areas that impact the country 
environmentally, which is essential since those issues are greatly affecting this new and 
desert nation. 
History 
In 1963, a research center in the Namib Desert was established. It was called 
Desert Ecological Research Unit in Gobabeb and it concentrated on ecological research 
concerning the Namib Desert. In 1990, the research center was renamed Desert Research 
Foundation of Namibia (DRFN) and it broadened its function. The current director, Dr. 
Mary Seely, has been with the DRFN since 1969, starting as a researcher in Gobabeb. 
The DRFN now focuses on many areas of concern, including water recycling, community 
development, and land management. 
Areas of Focus 
 DRFN is divided into four departments: Land Desk, Water Desk, Energy Desk, 
and the Awareness program. 
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 The Land Management Desk, coordinated by Bergus Kruter, has projects that 
concentrate on development of dry land practices. One of the projects is called 
Namibia’s Programme to Combat Desertification (Napcod). Napcod performs tasks such 
as testing soil conditions. 
The Water Management Desk, coordinated by Anna Matros, concentrates on 
water practices in the country. Interactive and Interactive Environmental Learning and 
Action in the Kuiseb (ELAK) is a project under this department that facilities discussion 
and development among different stakeholders on the water management of the Kuiseb 
Basin. 
The Energy Desk, coordinated by John Pallett, focuses on renewable energy 
practices in the country. One of the projects is the Renewable Energy and Energy 
Efficiency for Capacity Building Project (REEECAP). This project not only increases the 
awareness of rural residents about energy technologies, but develops the different 
stakeholders in the possible technologies. 
 The Awareness division increases knowledge about issues concerning the 
environment through the media. Katutura Community Radio (KCR) is one of the ways 
DRFN tries to increase awareness about environmental issues relating to Namibia. 
DRFN and Students 
 The DRFN works with university students, both nationally and internationally.  
Each summer the DRFN hosts a summer program for students in Namibia called the 
Summer Desertification Program.  This program gives students the opportunity to gain 
experience in environmental research, as well as field work.  Most of the program takes 
place at the Gobabeb Training and Research Centre.  For the past three years, in addition 
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to these students, the DRFN has sponsored projects for students at Worcester Polytechnic 
Institute to complete during the months of March and April.  These projects integrate a 
technical problem with social aspects. 
 
 
 
 
 
 
 
 
 
 
 
 64 
Appendix B: Katutura Questionnaire  
 
WPI IQP Water Treatment Education 
Perceptions of Windhoek’s Water Treatment System Survey 
 
We are a group of students working with the Desert Research Foundation of 
Namibia. We are designing an educational presentation focused on water distribution and 
water conservation for high school students in Katutura. The data we gather through 
interviews will be used to decide what information needs to be included.  Your honest 
opinion is valued and will help us create our presentation. Any information you give us is 
completely confidential.     
 
Date: 
 
Location: 
 
Interviewer: 
 
 
 
1. Are you the head of your household (decision maker who is present at least 6 months 
out of the year)? 
A. Yes 
B. No 
 
2. Age 
A. under 15 
B.15-25 
C. 26-35 
D. Over 35 
 
3. Male_____  Female_____  
 
 
5.  Where do you get water from? 
A. Shared Standpipe 
B. Household taps (inside house) 
C. Household tap (outside house) 
D. Other________ 
 
6. Do you believe you should have to pay for water to be supplied to you? 
A. Yes  
B. No 
 
If  yes, why? 
 
General Information 
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If no, why not? 
 
 
 
 
 
7. How clean do you think your water is? 
1=Poor Quality, 5=Top Quality 
 
 
 
 
 
8. Do you believe all of Windhoek receives the same quality of water? 
A. Yes 
B. No 
C. Not Sure 
 
If yes, explain. 
 
 
 
 
 
 
 
 
If no, explain. 
 
 
 
 
 
 
 
 
9. Do you think other people in Windhoek have ever considered boiling or using any 
other sterilization process on your water source before using it for consumption? 
A. Yes 
B. No 
C. I don’t know 
 
If yes, why? 
 
 
If no, why not? 
Water Quality 
1  2  3  4  5 
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10. Have you ever considered boiling or using any other sterilization process on your 
water source before using it for consumption? 
A. Yes 
B. No 
C. I don’t know 
 
If yes, why? 
 
 
 
 
 
 
 
 
If no, why not? 
 
 
 
 
 
 
 
 
 
 
 
11. How important is it to conserve water?  
A. Very important 
B. Important 
C. Not important 
 
 
12. Do you take any steps to conserve water in your household? 
A. Yes 
B. No 
 
 
If yes, what do you do? 
 
 
 
 
 
 
If no, why not? 
Water Conservation 
 67 
13. In what way would you like to learn more ways to conserve water? 
A. Pamphlet 
B. Workshop 
C. Radio 
D. Other_________ 
 
 
 
 
 
 
 
14. Do you know what Gammans Water Care Works is? 
A. Yes 
B.  No 
 
15. Have you ever visited? 
A. Yes 
B. No 
 
16. Do you know what the Gammans Water Care Works does? 
A. Yes 
B. No 
 
If, yes, please explain briefly 
 
 
 
17. Throughout Windhoek the use of semi purified(treated wastewater, not yet to potable 
standards) water for watering parks and athletic fields is a promoted and safe practice. 
How comfortable do you feel about using semi-purified waste water in the watering of 
parks and athletic fields?  
1= Totally uncomfortable, 5=Totally comfortable 
 
 
 
 
18. Do you know what the Goreangab Water Reclamation Plant is? 
A. Yes 
B. No 
 
19. Have you ever visited? 
A. Yes 
B. No 
 
 
 
Water Recycling 
1  2  3  4  5 
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20. Do you know what the Goreangab Reclamation Plant does? 
A. Yes 
B. No 
 
If yes, please explain briefly. 
 
 
 
 
 
 
 
21. In Windhoek purified wastewater is mixed with other sources for drinking water.  Do 
you think most people in Windhoek approve of the use of purified wastewater for 
drinking? 
A. Yes 
B. No 
C. I do not know 
 
If yes, Why? 
 
 
 
 
 
 
If no, Why? 
 
 
22. Do you reuse any water in your home?  For example using water from washing 
vegetables to water plants. 
 
A.Yes 
B.No 
 
If yes, how?  
 
 
 
 
 
 
If no, why not? 
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23. Have you ever been informed about water treatment? 
A. Yes 
B. No, didn’t take the opportunity 
C. No, never given an opportunity 
 
If yes, please describe( i.e. brochures,school) 
  
 
 
 
 
24. How many different sources can you name that Windhoek utilizes to get its water? 
 
Okavango River 
Omatako Dam  
Swakoppoort Dam  
Von Bach Dam  
Goreangab Dam  
Windhoek Reservoirs  
Windhoek Boreholes  
Reclamation  
 
 
25. How interested are you about learning about Windhoek’s water distribution system? 
1= Not interested at all, 5= Very interested 
 
 
 
 
 
26. Would you like information regarding the results of our survey? 
A. Yes 
B. No  
 
Thank you for your time. 
 
 
 
 
 
 
 
 
Education 
1  2  3  4  5 
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Appendix C: Katutura Survey Results (Answers) 
 
 Katutura Survey Results: General Questions 
 ID Head of House Age Gender Income Interested Survey Results 
 1 No 26-35 Female Low 5 Yes 
 2 Yes Over 35 Female Low 5 Yes 
 3 No 26-35 Female Low 5 Yes 
 4 Yes 26-35 Female Low 5 Yes 
 5 No 15-25 Female Low 5 Yes 
 6 No Over 35 Male Low 5 Yes 
 7 Yes 26-35 Male Low 5 Yes 
 8 Yes 15-25 Female Low 4 Yes 
 9 Yes 15-25 Female Low 5 Yes 
 10 No Over 35 Female Low 5 Yes 
 11 Yes Over 35 Female Low 5 Yes 
 12 Yes Over 35 Male Low 5 Yes 
 13 No 15-25 Female Low 5 Yes 
 14 Yes 26-35 Male Low 5 Yes 
 15 Yes Over 35 Male Low 1 Yes 
 16 Yes 26-35 Male Low 5 Yes 
 17 No 15-25 Female Low 1 No 
 18 Yes Over 35 Male Low 5 Yes 
 19 Yes 26-35 Male Low 5 Yes 
 20 Yes 26-35 Male Low 5 Yes 
 21 Yes 15-25 Male Low 5 Yes 
 22 Yes 26-35 Female Low 4 Yes 
 23 Yes 26-35 Male Low 5 Yes 
 24 Yes Over 35 Male Low 3 Yes 
 25 Yes Over 35 Female Low 4 Yes 
 26 Yes Over 35 Female Medium 4 Yes 
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 ID Head of House Age Gender Income Interested Survey Results 
 27 Yes Over 35 Male Medium 5 Yes 
 28 Yes Over 35 Female Medium 5 Yes 
 29 No Under 15 Female Medium 5 
 30 No 26-35 Male Medium 5 
 31 Yes 15-25 Female Medium 5 
 32 No Over 35 Male Medium 5 Yes 
 33 No 15-25 Male Medium 5 Yes 
 34 No 15-25 Female Medium 5 Yes 
 35 Yes 26-35 Female Medium 5 Yes 
 36 No 15-25 Male Medium 5 
 37 No 15-25 Male Medium 5 
 38 No under 15 Female Medium 5 
 39 No 15-25 Female Medium 5 
 40 Yes 26-35 Female Medium 5 
 41 No over 35 Male Medium 5 Yes 
 42 No 15-25 Female Medium 5 Yes 
 43 No over 35 Female Medium 5 Yes 
 44 No 15-25 Female Medium 5 Yes 
 45 Yes 26-35 Female Medium 5 Yes 
 46 No 15-25 Male Medium 1 No 
 47 Yes over 35 Female Medium 5 Yes 
 48 Yes over 35 Female Medium 5 Yes 
 49 Yes 15-25 Male Medium 5 Yes 
 50 No 15-25 Female Medium 5 Yes 
 51 No 15-25 Male High 5 Yes 
 52 Yes 15-25 Male High 5 Yes 
 53 No 15-25 Female High 3 Yes 
 54 No Over35 Male High 2 
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 ID Head of House Age Gender Income Interested Survey Results 
 55 No 15-25 Male High 5 Yes 
 56 No 26-36 Male High 5 
 57 No Over 35 Female High 5 
 58 No 26-35 Male High 5 
 59 No 15-35 Female High 5 
 60 No 15-25 Female High 3 Yes 
 61 No 15-25 Male High 5 Yes 
 62 No 15-25 Female High 4 
 63 No 15-25 Female High 4 
 64 No 15-25 Female High 3 
 65 Yes 15-25 Male High 3 Yes 
 66 Yes 26-35 Male High 5 Yes 
 67 Yes 26-35 Female High 5 Yes 
 68 Yes 15-25 Male High 5 Yes 
 69 No 15-25 Female High 4 
 70 Yes 15-25 Male High 5 Yes 
 71 No 15-25 Female High 1 Yes 
 72 No 15-25 Female High 0 Yes 
 73 No 15-25 Male High 5 Yes 
 74 No 15-25 Male High 5 Yes 
 75 No 26-35 Male High 5 Yes 
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 Katutura Survey Results: Payment and Receive 
 ID Payment Why Pay  Quality Wind Receive Why Receive     Informed   How informed 
 1 Yes Expected 5 Not Sure No 
 2 Yes Basic Need 5 Yes Told about  Yes School 
 3 Yes Doesn't Know 3 Yes looks the same No 
 4 Yes Infrastructure 5 Yes Same Source Yes School 
 5 Yes Use it 5 Not Sure Yes School 
 6 Yes Doesn't Know 5 Not Sure No 
 7 Yes Process 5 Not Sure No 
 8 No Miscommunication 5 Yes Doesn't Know No 
 9 No SA Doesn't Pay 3 No Different Source No 
 10 Yes Doesn't Know 2 Yes Same Source No 
 11 Yes Advancement 5 No Tasted Cleaner  No 
 12 Yes Expected 1 Not Sure No 
 13 Yes Basic Need 5 Yes Same Source No 
 14 Yes Basic Need 5 Yes Same Source No 
 15 Yes Basic Need 5 Not Sure Yes Visits 
 16 Yes Basic Need 4 Yes Same Source Yes Visits 
 17 No Miscommunication 5 Yes No Response No 
 18 Yes Service 5 No Different Pipes Yes Visits 
 19 Yes Too Expensive 4 Not Sure Yes Radio 
 20 Yes Too Expensive 3 Yes Same Source Yes Newspaper 
 21 Yes Process 4 Yes Same City No 
 22 Yes Process 5 No Different Taps No 
 23 Yes Use it 5 Not Sure No 
 24 Yes Advancement,  3 Not Sure Yes Meetings (WPC) 
 25 Yes Chemicals 4 Not Sure Yes Word of Mouth 
 26 No Pres. Should pay 4 Not Sure Yes School 
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 ID Payment Why Pay  Quality Wind Receive Why Receive     Informed    How informed 
 27 Both only if you can  3 No Distance/closeness Yes           Newspapers  
 28 Yes Infastructure 4 No Separate before,  No   
 29 Yes Allow small kids to 5 Yes Same Source No 
 30 Both people who can't  1 No Gammans only  Yes Radio 
 31 Yes Service 3 Yes Same Source No 
 32 No Basic Need 5 Yes Same Water Yes School 
 33 No Can't afford it 4 Not Sure No 
 34 Yes Process 5 No doesn't Know No 
 35 Yes Chemicals 2 Not Sure No 
 36 No ????because they  4 No Further away,  No 
 37 No Can't afford it 3 No Not all parts pay Yes School 
 38 No Can't afford it 5 ????? Rivers vs. Rain No 
 39 Both free for those who  5 Not Sure Yes School 
 40 No Believes it should  1 Yes Same Source No 
 41 No Basic Need 5 No Poorer get less  Yes School 
 42 Yes Stop Overuse 3 Yes Not everyone gets  No 
 43 No didn't in the past 3 Not Sure No 
 44 Yes Process 5 Yes Same Source No 
 45 Yes Basic Need 5 Yes Tastes the Same No 
 46 Yes Process 5 Yes Tastes the Same No 
 47 Yes Chemicals 3 Not Sure No 
 48 Yes Doesn't Know 3 Yes Tastes the same No 
 49 No Basic Need 4 No Town gets it from Yes School 
 50 Yes Can't expect Govn't  4 No Rural areas don't  No 
 51 No Govn't must pay 5 Yes Same Source Yes School 
 52 Yes Infastructure 5 Yes Same Source Yes Word of Mouth 
 53 Yes Service 4 Not Sure Yes Govn't on TV 
 54 No Infastructure 3 No Other areas get  Yes School 
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 ID Payment Why Pay  Quality Wind Receive Why Receive Informed How informed 
 55 Yes Incentive to Save  4 No Informal Set. get  No 
 56 Yes Service 4 Yes Same Source No 
 57 Yes Doesn't belong to  4 Yes Same Source Yes School 
 58 No Water is a gift from  1 No Tasted difference No 
 59 Yes Service 5 Yes Same Source No 
 60 Yes In Windhoek yes,  3 Yes All from  No 
 61 Yes Service 5 No Informal places get No 
 62 No Too Expensive 3 No Town is more  No 
 63 Yes Process 5 No Informal place gets Yes School 
 64 Yes Process, Infrastructure 4 No People says  Yes School 
 65 Yes Infrastructure 5 No Different Dams Yes School 
 66 Yes Incentive to save  4 No Different Pipes Yes Newspaper 
 67 Yes Pay Nam Water 5 Yes Same Source Yes TV 
 68 Yes Process cost's  4 Yes Same Source Yes Family member at 
 69 Yes If free, people would 4 Yes Same Source Yes School 
 70 No Basic Need 3 No Informal place get  No 
 71 No Govn't should pay,  2 Not sure No 
 72 No Basic Need 3 No Rich areas get  No 
 73 Yes Chemicals 2 Yes Same Source No 
 74 Yes Process 2 Yes Same Source No 
 75 Yes Chemicals 4 Not Sure Yes Municipality 
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 Katutura Survey Results: Boil water to clean? 
 ID Water From You Boil Y N Why U Boil Others Boil Y N Why Others 
 1 Standpipe Yes Health Yes To Cook 
 2 Standpipe Yes Only if Sick or Baby No Only if sick or baby 
 3 Standpipe No Clean Enough I don't Know 
 4 Standpipe No Clean Enough No Clean Enough 
 5 Standpipe Yes If Dirty I don't Know 
 6 Standpipe No No Reason I don't Know 
 7 Standpipe No Clean Enough/ No Elec. Yes People Prefer hot because  
 8 Standpipe Yes If Dirty I don't Know 
 9 Standpipe No Clean Enough No No Reason 
 10 Standpipe Yes/No Health Dept. Advises to Yes Health Dept. Advises to 
 11 Standpipe Yes If Dirty I don't Know 
 12 Standpipe No Not worth the time No No Reason 
 13 Standpipe No Clean Enough No Clean Enough 
 14 Standpipe No Clean Enough I don't Know 
 15 Standpipe No Fresh Water No Fresh Water 
 16 Standpipe No Fresh Water No No Reason 
 17 Standpipe Yes Clean for Cooking No Clean Enough 
 18 Standpipe No Only to Make Hot Yes If Baby 
 19 Standpipe No No Electricity I don't Know 
 20 Standpipe No Clean Enough I don't Know 
 21 Standpipe No No Reason No Inconvenient 
 22 Standpipe Yes If baby Yes If baby 
 23 Standpipe No Clean Enough I don't Know 
 24 Standpipe Yes If Dirty, for baby Yes If dirty for baby 
 25 Standpipe Yes If sick or baby Yes if sick or baby 
 26 House Tap Out Yes Kill germs No Hard to do 
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 ID Water From You Boil Y N Why U Boil Others Boil Y N Why Others 
 27 House Tap Out Yes Smart people boil it, safe Yes If they are smart 
 28 House Tap Out/In Yes Smells and tastes bad Yes No reason 
 29 House Tap Out No Sometimes No Clean Enough 
 30 House Tap Out No Not worth electricity No Not worth electricity 
 31 House Tap Out/In Yes Sometimes safer No Some think it’s a good idea 
 32 House Tap Out No Clean Enough Yes It's Dirty 
 33 House Tap Out/In No Not worth the time Yes It's Dirty 
 34 House Tap Out No Clean Enough Yes It's Dirty 
 35 House Tap Out Yes It's dirty Yes It's Dirty 
 36 House Tap Out No Not worth the time No Can't afford it 
 37 House Tap Out No Clean Enough No Clean Enough 
 38 House Tap Out Yes So not to get sick Yes Not to get sick 
 39 House Tap Out No Not worth the time Yes They want pure water 
 40 House Tap Out Yes Not safe to drink from tap Yes Not safe 
 41 House Tap Out No Clean Enough, only if baby Yes If for baby 
 42 House Tap Out No Not worth Electricity No Can't afford Electricity 
 43 House Tap Out No Not worth Electricity Yes to Kill germs 
 44 House Tap Out No Clean Enough No Clean Enough 
 45 House Tap Out Yes Habit from work No Only at where she works 
 46 House Tap Out No Not worth Electricity No No Reason 
 47 House Tap Out Yes If Dirty I don't know 
 48 House Tap Out Yes If Dirty I don't know 
 49 House Tap Out No Clean Enough Yes Need to clean borehole  
 50 House Tap Out No Clean Enough Yes To be sure it's clean 
 51 House Tap In/Out No Clean Enough No Clean Enough 
 52 House Tap In/Out No Clean Enough No Clean Enough 
 53 House Tap In/Out No Clean Enough No No reason 
 54 House Tap In/Out No Clean Enough No Trust system 
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 ID Water From You Boil Y N Why U Boil Others Boil Y N Why Others 
 55 House Tap In/Out No Clean Enough for adults Yes If for baby 
 56 House Tap In/Out No Clean Enough No Fresh 
 57 House Tap In/Out No Clean Enough I don't know 
 58 House Tap In/Out Yes If dirty No Don't know better 
 59 House Tap In/Out Yes If for baby No Clean Enough 
 60 House Tap In/Out No Clean Enough Yes Not used to the water 
 61 House Tap In/Out No Clean Enough No Clean Enough 
 62 House Tap In/Out No Not worth the time Yes Health reasons 
 63 House Tap In/Out Yes If Dirty No Not worth the time 
 64 House Tap In/Out Yes If Dirty Yes If dirty 
 65 House Tap In/Out Yes Kill germs Yes Kill germs 
 66 House Tap In/Out Yes Health No Not worth the electricity 
 67 House Tap In/Out No Haven't gotten sick Yes If they get sick 
 68 House Tap In/Out No Clean Enough Yes Don't think water is clean 
 69 House Tap In/Out No Clean Enough No Clean Enough 
 70 House Tap In/Out No Clean Enough I Don't Know 
 71 House Tap In/Out No Clean Enough Yes Want to make it cleaner 
 72 House Tap In/Out No Not worth electricity ??? 
 73 House Tap In/Out No Used to the water Yes Teacher boils it if not  
 74 House Tap In/Out No Used to the water No Used to the water 
 75 House Tap In/Out No Clean Enough No Clean Enough 
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 Katutura Survey Results: Conservation 
 ID Important? Conserve How  Conserve Learn Reuse How Reuse 
 1 Very Important Yes Reuse, Separate Workshop Yes Washing 
 2 Very Important Yes Kid Safe Container Radio Yes Plants, Plants 
 3 Very Important Yes Reuse Radio Yes Washing 
 4 Very Important Yes Limited Use Common Sense No 
 5 Very Important Yes Limited Use Radio, Newspapers Yes Washing 
 6 Very Important Yes Reuse Pamphlet, Workshop Yes Plants 
 7 Very Important Yes Disposes in Toilets Workshop Yes If not too dirty 
 8 Very Important Yes Saves water to wash Pamphlet Yes No response 
 9 Important Yes Limited Use Radio Yes Washing 
 10 Very Important Yes Reuse Pamphlet Yes Washing 
 11 Very Important Yes Limited Use Workshop No 
 12 Important Yes Reuse Workshop Yes Washing 
 13 Very Important Yes Safe Containers Radio No 
 14 Important Yes Reuse ANY No 
 15 Very Important Yes Wash clothes at the  Common Sense No 
 16 Very Important Yes Measure water for  Common Sense No 
 17 Important Yes Reuse Workshop Yes Washing 
 18 Very Important Yes Safe Containers Newspapers No 
 19 Very Important Yes Limited Use TV No 
 20 Very Important Yes Limited Use, Reuse Radio, Newspapers Yes Washing 
 21 Very Important Yes Reuse Pamphlet, Workshop Yes Plants 
 22 Very Important Yes Limited Use Pamphlet No 
 23 Very Important Yes Reuse Radio Yes Washing 
 24 Very Important Yes Kid Safe Containers Workshop, Radio, TV No 
 25 Very Important Yes Kid Safe Containers Self No 
 26 Very Important Yes Limited plant watering Pamphlet Yes Plants 
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 ID Important? Conserve How  Conserve Learn Reuse How Reuse 
 27 Very Important Yes Reuse, Limited use Pamphlet, Radio Yes Washing 
 28 Very Important Yes Saves cold shower  Radio Yes Washing 
 29 Very Important Yes Close taps tight Pamphlet Yes Washing 
 30 Very Important Yes collect in bucket to  TV Yes Plants 
 31 Very Important Yes Close Taps tight TV Yes Washing 
 32 Very Important Yes Reuse Radio Yes No description 
 33 Very Important Yes Limited use Workshop No 
 34 Very Important No School No 
 35 Very Important Yes Reuse ANY Yes Washing, Plants 
 36 Very Important Yes No playing with  Workshop, TV No 
 37 Very Important Yes Close Taps tight Radio ???? 
 38 Very Important Yes Reuse Workshop Yes Washing 
 39 Very Important Yes Reuse Radio Yes Plants 
 40 Very Important Yes Reuse Pamphlet Yes Washing 
 41 Very Important Yes Reuse Pamphlet Yes Washing 
 42 Very Important Yes Fix Leaks, Limited  Workshop Yes Washing 
 43 Very Important Yes Plants, put in toilet  Pamphlet No 
 44 Very Important Yes Use bowl to wash School No 
 45 Very Important Yes Reuse, outside Toilet ANY Yes Washing 
 46 Important Yes Limited Use Radio Yes Plants 
 47 Very Important Yes Reuse Pamphlet, Radio Yes Washing 
 48 Very Important Yes Teach children to use  Workshop Yes Plants 
 49 Important Yes Reuse Radio Yes Washing, Plants 
 50 Very Important Yes Close taps tight Workshop No 
 51 Very Important Yes Use wisely Workshop Yes Washing 
 52 Important No Radio, TV No 
 53 Very Important Yes Limited use, shower,  TV Yes Washing 
 54 Very Important Yes Limited Use, small  Pamphlet Yes Plants 
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 ID Important? Conserve How  Conserve Learn Reuse How Reuse 
 55 Very Important Yes Water plants at night Pamphlet, Radio, TV Yes Washing 
 56 Very Important Yes Close Taps tight Pamphlet No 
 57 Very Important Yes Don't use cold water  Workshop Yes Washing 
 58 Very Important Yes Don't waste Workshop No 
 59 Important No Workshop No 
 60 Very Important No Workshop Yes Washing 
 61 Very Important Yes Teach children not to  Workshop No 
 62 Very Important No Workshop No 
 63 Very Important Yes Reuse, child safe Workshop Yes Washing 
 64 Very Important Yes showers not bath,  Workshop Yes Save tap water 
 65 Very Important Yes Limited Use, Close  Pamphlet Yes Plants 
 66 Very Important Yes Limited use TV No 
 67 Very Important Yes Close Taps tight TV No 
 68 Very Important Yes Fix leaking taps Workshop No 
 69 Very Important Yes Limited Use Pamphlet No 
 70 Important Yes Limited use Radio Yes Washing 
 71 Important Yes Close taps tight, fix  Radio No 
 72 Very Important Yes Remove garden tap,  TV No 
 73 Very Important No Workshop No 
 74 Very Important Yes Water plants at night Workshop No 
 75 Very Important Yes Close Taps tight, use Workshop No 
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 Katutura Survey Results: Knowledge: Gammans 
 ID Gamman Visit  Know Function Function                     Comfort Level         
                                                                                                                  with Semi-Purified 
 1 Yes No No 3 
 2 Yes No Yes Water smells like chlorine 2 
 3 No No No 1 
 4 No No No 2 
 5 No No No 5 
 6 No No No 3 
 7 No No No 5 
 8 Yes Yes Yes Cleans and Comes back 5 
 9 Yes No No 1 
 10 No No No 2 
 11 Yes No No 1 
 12 Yes Yes No 3 
 13 Yes Yes Yes Cleans and Distributes 2 
 14 Yes Yes No 3 
 15 Yes Yes Yes Treats Water 5 
 16 Yes Yes Yes Cleans Water 5 
 17 No No No 3 
 18 Yes Yes Yes Sifting, Sedementing 2 
 19 Yes No No 1 
 20 Yes Yes No 4 
 21 Yes Yes Yes Put Chemicals In 3 
 22 No No No 5 
 23 Yes No No 3 
 24 Yes No No 3 
 25 Yes No Yes Purifies Water 1 
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 ID Gamman Visit  Know Function Function                   Comfort Level  
                                                                                                                  with Semi-Purified 
 26 Yes No No doesn't know 
 27 No No No doesn't know 
 28 No No No Never heard of  
 29 No No No 5 
 30 Yes Yes Yes He worked there 5 
 31 No No No 5 
 32 Yes No No not wrong 
 33 Yes No Yes Cleans Water Doesn't know 
 34 No No No 2 
 35 Yes No No 4 
 36 Yes No Yes Cleans Water 1 
 37 No No No 5 
 38 No No No 2 
 39 Yes No Yes Cleans Water with chemicals 4 
 40 No No No 2 
 41 Yes Yes No 3 
 42 No No No 3 
 43 No No No 5 
 44 No No No 5 
 45 No No No 5 
 46 No No No 4 
 47 Yes No No 5 
 48 No No No 4 
 49 No No No 5 
 50 No No No 4 
 51 Yes No Yes Purifies Water 5 
 52 No No No 5 
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 ID Gamman Visit  Know Function Function                    Comfort Level  
                                                                                                                  with Semi-Purified 
 53 Yes No Yes Cleans Water 5 
 54 Yes Yes Yes Purifies Water 4 
 55 Yes Yes No 5 
 56 No No No 4 
 57 No No No 3 
 58 No No No 4 
 59 Yes Yes Yes Recycles Water 1 
 60 No No No 3 
 61 Yes No Not Sure Cleans Water 5 
 62 No No No 2 
 63 Yes Yes Yes Cleans waste water 2 
 64 Yes No Yes Cleans waste water 5 
 65 Yes Yes Yes Sift, Clean Water 1 
 66 Yes Yes Yes Cleans Water 5 
 67 Yes No No 1 
 68 No No No 5 
 69 Yes No Yes Cleans Water with Chemicals 3 
 70 No No No 1 
 71 No No No 5 
 72 No No No 1 
 73 No No No 3 
 74 No No No 5 
 75 Yes No No 3 
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Katutura Survey Results: Goreangab  
 ID Heard of Goreangab? Visit? Know the Function Goreangab Function 
 1 No No No 
 2 Yes Yes Yes Machenery to Clean water 
 3 Yes No Yes Water is Purified 
 4 No No No 
 5 No No No 
 6 Yes No No 
 7 Yes Yes Yes Cleans Water, Dif. Stages 
 8 No No No 
 9 Yes Yes No 
 10 No No No 
 11 Yes Yes No 
 12 No No No 
 13 Yes Yes Yes Purified and distributed 
 14 Yes No No 
 15 Yes Yes Yes Supplies Water 
 16 Yes Yes No 
 17 No No No 
 18 Yes Yes Yes Final Chemical Stage 
 19 Yes Yes No 
 20 Yes Yes Yes Last Treatment 
 21 No No No 
 22 No No No 
 23 No No No 
 24 Yes No No 
 25 Yes No No 
 26 No No No 
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 ID Heard of Goreangab? Visit? Know the Function Goreangab Function 
 27 No No No 
 28 Yes No Yes didn't want to 
 29 No No No 
 30 Yes No No 
 31 Yes No No 
 32 No No No 
 33 No No No 
 34 No No No 
 35 No No No 
 36 No No No 
 37 No No No 
 38 Yes No No 
 39 Yes No Yes Cleans dam water 
 40 No No No 
 41 Yes Yes Yes Cleans Water 
 42 Yes No No 
 43 No No No 
 44 No No No 
 45 Yes No Yes Purfies and Cleans Water 
 46 No No No 
 47 No No No 
 48 Yes No Yes Purifies and Cleans Water 
 49 Yes Yes Yes Cleans Water 
 50 No No No 
 51 Yes Yes Yes Purifies Water, Chemicals 
 52 Yes No Yes Recycle Water 
 53 No No No 
 54 Yes Yes No 
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 ID Heard of Goreangab? Visit? Know the Function Goreangab Function 
 55 Yes Yes Yes Purifies Water 
 56 No No No 
 57 Yes No No 
 58 No No No 
 59 No No No 
 60 No No No 
 61 No No No 
 62 No No No 
 63 Yes No No 
 64 Yes Yes Yes Cleans dam, river water 
 65 No No No 
 66 Yes Yes Yes Sterilizes Water 
 67 Yes Yes Yes Purifies Water 
 68 Yes Yes Yes Purifies Water 
 69 No No No 
 70 Yes No No 
 71 No No No 
 72 No No No 
 73 Yes Yes Yes Cleans Water 
 74 Yes Yes Yes Purifies water, fertilizer 
 75 No No No 
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 Katutura Survey Results: Reclamation 
 ID Reclaim Reclaim If Yes Why Reclaim If No Why Sources 
 1 Yes Keep water clean 
 2 No Water Smells Rain 
 3 Yes Water is Cleaned Goreangab Dam 
 4 Yes Water is Cleaned 
 5 No Not Clean Enough 
 6 Yes Water is Cleaned Von Bach Dam 
 7 Yes Water is Cleaned Goreangab Dam, and another  
 dam 
 8 Yes Water is Cleaned Gammans 
 9 No Not as clean as river Dams 
 10 I Don't  
 11 Yes More Water 
 12 No Even w/ the chemicals, it  
 shouldn't be drank 
 13 Yes Water is Cleaned 
 14 Yes Haven't gotten sick Von Bach Dam, Goreangab Dam 
 15 Yes Before people came, we drank that  
 water 
 16 No No Reason 
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 ID Reclaim Reclaim If Yes Why Reclaim If No Why Sources 
 17 Yes No reason 
 18 Yes Makes it Fresh 
 19 Yes More Water 
 20 Yes More Water Rain 
 21 Yes Water is cleaned Ruacamnna 
 22 No Water is White Von Bach Dam, Goreangab Dam 
 23 Yes Water is cleaned Windhoek 
 24 Yes Water is cleaned, have been doing  Goreangab Dam, and others 
 it for years 
 25 No Water still dirty, but no choice Rain 
 26 Yes No reason Von Bach Dam 
 27 No No choice, but would like  Von Bach, Goreangab, and  
 different source Hardap Dam 
 28 No Uncomfortable, but no choice Von Bach Dam 
 29 Yes Taught about it, and don't waste Swakoppoort Dam 
 30 No Not comfortable Gammans, Goreangab Dam,  
 Avis Dam 
 31 Yes perfect way 
 32 Yes Water is Cleaned Von Bach Dam, Goreangab Dam 
 33 No Not 100% clean 
 34 No It's dirty Rain 
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 ID Reclaim Reclaim If Yes Why Reclaim If No Why Sources 
 35 Yes No choice Goreangab Dam 
 36 Yes No choice Rain 
 37 No Not sure about process Gammans 
 38 No May be a mistake in the plant Okavango, Orange River,  
 Omatako Dam, Goreangab  
 Dam 
 39 No They use a lot fo Chemicals Goreangab Dam, boreholes 
 40 No Water is dirty 
 41 Yes Water is Cleaned Goreangab Dam, Boreholes 
 42 Yes Haven't gotten sick 
 43 Yes Water is cleaned Goreangab Dam 
 44 No The don't know about the  Nam water 
 process 
 45 Yes Radio tells them if the water is not Goreangab Dam, Rain 
  safe 
 46 Yes No Choice Goreangab Dam 
 47 Yes Water is Cleaned Groundwater 
 48 Yes Water is Cleaned Goreangab Dam 
 49 No Not 100% healthy Goreangab Dam, Boreholes 
 50 No They don't know about the  Von Bach Dam, Goreangab Dam 
 process 
 51 Yes Understands water is cleaned Goreangab Dam, Hardap Dam 
 52 Yes Water is Cleaned, have always  Goreangab Dam 
 done it 
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 ID Reclaim Reclaim If Yes Why Reclaim If No Why Sources 
 53 No Origin of Water Von Bach Dam, Goreangab Dam 
 54 No Accepted it, have no choice,  Von Bach Dam, Boreholes,  
 but don't like Reclamation 
 55 Yes Haven't heard of problem Nam Water 
 56 Yes Water is Cleaned Nam Water, Goreangab Dam 
 57 Yes Water is Cleaner Goreangab Dam 
 58 No Origin of Water, from toilet Von Bach Dam, Goreangab Dam 
 59 Yes No reason Goreangab Dam, Von Bach Dam 
 60 No Most don't know, if knew  Goreangab Dam 
 wouldn't approve 
 61 Yes Haven't gotten sick 
 62 Yes Namibia is dry, it is only source  Goreangab Dam 
 of water 
 63 Yes Have learned to accept it Avis Dam, Von Bach Dam,  
 Reclamation 
 64 Yes Tastes Clean Von Bach Dam, Gammans 
 65 Yes Water is Cleaned Von Bach Dam, Goreangab Dam 
 66 Yes Accepted it 
 67 Yes Water is Cleaned Okavango River, Goreangab  
 Dam, Rain 
 68 Yes Almost same water Von Bach Dam 
 69 Yes Germs in water are killed Goreangab Dam, Reclamation 
 70 No Water not clean enough 
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 ID Reclaim Reclaim If Yes Why Reclaim If No Why Sources 
 71 I don't know Goreangab Dam, Von Bach  
 Dam, Relcamation 
 72 No Origin of Water Von Bach Dam, Goreangab Dam 
 73 No Not healthy to recycle, color is Goreangab Dam, Hardap Dam 
  brown 
 74 No Industry contaminating water Goreangab Dam, Hardap dam 
 75 Yes Water is Cleaned Goreangab Dam 
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Appendix D: Katutura Survey Results (Graphs) 
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Do you boil your water prior to use?
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How do you reuse water in your home?
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Do you think most people aprove of the use of 
reclaimed water for drinking purposes?
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Have you ever been informed about water 
treatment?
41%
59%
Yes
No
How interested are you in learning more about the 
water treatment and distribution system?
(1=Not intereste, 5= Very interested)
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How were you informed about water treatment?
52%
10%
6%
10%
6%
6%
10%
School
Newspaper
TV
Visits
Word of Mouth
Radio
Other
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Appendix E: Lesson Plan 
 
 
Educating about Windhoek’s Water Distribution System 
 
 
This presentation is designed to educate students about Windhoek’s unique water 
distribution system.  The presentation will also focus on water conservation and water 
recycling.   
 
 
Age:  15 and up 
 
Ideal Group Size:  25-35 people 
 
Time: approx. 45 minutes 
 
  
s Water Distribution System 
 
 
The purpose of this presentation is to introduce students to the concepts of the water 
treatment and distribution systems of Windhoek in order to raise awareness about those 
topics.  The students will: 
  
1. Learn about where Windhoek gets water from 
2. Understand the processes involved in treating water in Windhoek. 
3. Realize the importance of recycling water. 
 
 
 
 
History of Water Treatment and Reclamation in Windhoek 
  In 1960, Gammans Water Care Works was created to treat domestic and industrial 
effluent.  Seven years later, the process used at that plant was modified to provide 
improved quality effluent (water flowing out) to be used as influent (water flowing in) for 
a future water reclamation plant.   
Reclamation of wastewater was one good way to increase the water supply, 
although it was a challenge to gain public acceptance of the system due to fears of 
Educating about in ter Distribution System 
Background Material for the Facilitator 
 
Pu pose 
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possible health risks.  In 1968, a water reclamation system was implemented in 
Windhoek to reclaim water from the sewage effluent treated at Gammans. This system, 
the Goreangab Water Treatment Plant, went through many changes throughout the years 
to improve its performance, such as revised treatment sequences and optimized processes 
to produce a high quality of water and meet the Namibian standards.  The plant not only 
treats effluent from Gammans, but also water from the Goreangab dam, which is often of 
worse quality than the treated sewage water as a result of pollution from increased 
urbanization (Lansteiner, et al, 2003 ).  As Windhoek’s population grew after 
independence, water demand started increasing beyond the supply capacity. Therefore, it 
became necessary to extend the reclaiming capabilities of the plant.  The capacity went 
from 4,800 m3 to 21,000 m3 of potable water per day (Haarhoff, 1996). This means that 
the plant is now able to supply 35% of Windhoek’s water, the maximum allowable 
amount of reclaimed water by the city’s standards (Pisani, 2004).  
 
Gammans Water Care Works 
As previously discussed, the Gammans treatment plant was built as a sewage 
treatment plant and now provides sewage effluent for water reclamation at Goreangab.  
The water also provides greywater to be used for sports fields, parks and cemeteries.  The 
process of producing semi-purified water begins with raw sewage flowing into the plant. 
Large particles are filtered out by a large screen where waste is delivered to a class 1 
dumping site.  The water then travels to the primary settling tank where sludge settles to 
the bottom. The settling tank’s primary function is to separate the solids from the water. 
After this stage, the water goes to an anaerobic digester where methane and carbon 
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dioxide are released, producing 40% of the electricity required to operate the plant 
(DRFN, 1998).   The water goes through the trickle filter (Figure 1), sometimes called a 
biofilter, which is an attached growth system; meaning microorganisms are attached to 
some kind of medium.  In this case there are two layers: the top is a coarse layer where 
organic materials are broken down and the bottom is a fine layer where nitrogen is 
removed (Dr. Günter Lempert, personal communication).  The trickle filter will be 
discussed in more detail in the following section.  
 
 
Figure 26: Trickling Filters at Gammans Water Works 
 
 The water then filters out into settling tanks and is mixed in an activated sludge 
tank (Figure 2), a suspended growth system where microorganisms are dispersed in the 
mixture along with oxygen, helping to break down organic material 
(http://www.college.ucla.edu/webproject/micro7/studentprojects7/Rader/asludge2.htm).  
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Figure 27: Activated Sludge Process 
 
It then flows into clarifiers which hold the water for several hours, allowing for 
the solids to settle to the bottom. The sludge is then removed by a rotating scraper. The 
water continues to flow to maturation ponds where algae raise the pH, killing the 
remaining pathogens.  Finally, the water reaches the disinfection stage where chlorine is 
added.  The final product is of good enough quality for non-consumptive purposes.  
   . 
Goreangab Water Reclamation Plant 
 
The Namibian Windhoek Goreangab Operating Company (WINGOC) sells water 
to the city of Windhoek at standards set by the World Health Organization, Rand Water, 
and the Water Quality Guidelines for Namibia, ensuring that the water is safe for 
consumption.  The Goreangab Water Reclamation Plant, treats effluent from Gammans 
Water Works and the Goreangab Dam.  For purification of the wastewater, it is required 
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that there is strict quality control over the ten processes involved at Goreangab. 
 
Goreangab Plant Processes 
The first process the water goes through is Raw Water Blending where water 
from Gammans and the Goreangab dam are mixed.  Organic compounds may also be 
dissolved here by the addition of powder activated carbon. The water then travels to the 
Pre-Oxidation and Coagulation stages. In this step, Ozone may be added to help with 
coagulation of particles in the water, pH can be decreased by hydrochloric acid and ferric 
chloride can be added to help with the destabilization of particles.      
The water flows into flocculation tanks where it is slowly stirred in order to bring 
particles together so they can be filtered out more easily. These enlarged particles are 
called floc and can now be taken from the water, which is done using microscopic air 
bubbles to produce a scum layer in the dissolved air flotation stage. This layer is removed 
from the surface and the cleaner water flows to the sand filtration process that is mainly 
responsible for removing the rest of the suspended particles. The sand filter also removes 
metals, such as iron and manganese, by having caustic soda and potassium permanganate 
injected into the water. These sand filters clog very easily after heavy operation and need 
to be backwashed to have the waste removed and discarded to a waste treatment facility.  
After the sand filters, the water is oxidized with ozone in order to change non-
biodegradable dissolved organic compounds into biodegradable dissolved organic 
compounds so that it is consumable by microorganisms prevalent in the water. The ozone 
also inactivates viruses and parasites. The amount of ozone left over in the water is 
removed by adding hydrogen peroxide, which ensures microorganisms are protected. The 
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microorganisms are then used in the next step called Biological Activated Carbon 
filtration, where the carbon provides a good surface for attachment.  The biodegradable 
material is partially consumed.  
 The next stage is Granular Activated Carbon absorption, where the remaining 
dissolved organic compounds are absorbed.  This produces potable water with low levels 
of dissolved organic compounds, which if found in higher quantities have potential to 
produce health problems.  All remaining bacteria, viruses, and pathogens are removed in 
the next step, where ultra-filtration membranes strain anything larger than 0.45 
micrometers.  The final step, known as disinfection and stabilization, blends the water 
with chlorine to disinfect and caustic soda lye to correct pH.  The potable water produced 
is pumped to the New Western pump station where it is mixed with water from other 
potable water sources, such as Windhoek boreholes and the Van Bach Purification Plant.   
 
Windhoek’s Water Distribution System  
All parts of Windhoek receive reclaimed water except for Lafrenz and the 
Northern Industrial Area, which require only dam water for the industries due to the high 
salinity of reclaimed water, and have a separate contract with NamWater (Van der 
Merwe, personal communication, April 5, 2005).  All other areas receive a mix of 
reclaimed water and dam water and many areas in southern Windhoek have borehole 
water blended in as well.  Regardless of what source an area receives, the water quality 
still must adhere to the Namibian guidelines set in 1988 (Menge, personal 
communication, April 13, 2005).  Water from the Goreangab Reclamation Plant is 
blended with water from the Von Bach Dam and then flows to the North Western Pump 
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Station. This mixture is roughly one third from the reclamation plant and two thirds from 
the dam. This is done to reduce the amount of dissolved organic carbon in the water.     
  
Figure M 
 From the pump station (WPS) in figure M, the water flows into a series of reservoirs, 
first the Central Reservoir and then into the Avis, Low Level 1 and Ludvigdorf 
reservoirs. This water is mixed with the Pahl Quelle borehole water. These set of 
reservoirs supply mainly the central, western and eastern residential areas. In the diagram 
above, the water from the pump station flows into the Abattoir, Katlo, Okuryangwa and 
West Reservoirs. These reservoirs do not receive borehole water because they are not 
NGRP VBT
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Abattoir 2 Lafrenz
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B
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Avis Ludwigdorf
Abattoir 1 Katlo1 + Katlo 2
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SOURCE RESERVOIRS WATER MIXTURES IN 
DISTRIBUTION
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close to any boreholes.  The Klein Aub Boreholes and the reclaimed water supply goes to 
the Pioneers Park and Olympia areas. Lastly, the Kleine Kuppe boreholes mix with the 
reclaimed water mixture in the HighSam , Auasblick, and Kleine Kuppe reservoirs which 
supply the South/South Eastern residential zones. The Abattoir1 and Lafrenz reservoirs 
supply the industrial areas.  
Some sections receive more borehole water than others but this mixture is about 
4% and is so small that it does not make a difference in water quality (Personal 
Communication, April13, 2005). Water quality in each borehole may be different due to 
pollution but these water sources are protected and tested regularly.  
 
 
Here are five important activities to include in a presentation about Windhoek’s water 
quality, targeted for an audience of secondary school students.  After each activity, be 
sure to ask if anyone has questions and keep the students involved as much as possible. 
 
Part One:  Discussion of Windhoek’s Water 
Purpose:  Involve audience immediately; assess the audience’s level of knowledge 
regarding water in Windhoek 
Instructions: Ask questions; write answers down for students to see on flip chart or 
blackboard; give basic info regarding sources of water in Windhoek, the available supply, 
and an introduction to water recycling 
Time:  10 minutes 
 
 
What to include: 
Ask the students what sources Windhoek gets water from? 
Swakoppoort, Von Bach, Goreangab, Dams 
Boreholes 
Reclamation 
 
These sources are not enough to sustain a water supply forever in Namibia. 
As predicted by the City of Windhoek, by the year 2020, if water use continues to 
increase at its current rate, the water demand will be greater than the available supply. 
 
In order to prolong the water supply, Windhoek recycles.  Windhoek is the only place in 
the world that uses a reclamation system to provide potable water, but many other areas 
Activities/Presentation 
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around the world are also looking to adopt the technology. 
 
Windhoek’s reclamation process involves two major plants. 
 
 
Part Two:  Descriptions of Gammans and Goreangab 
Purpose:  Teach students about the processes involved in making wastewater potable to 
show that water is in fact clean and also to show why water costs money. 
Instruction:  Use flip chart or blackboard to show processes of the plants and also discuss 
a brief history of the plants as well as the importance of water recycling in Windhoek.  
Also use the model to demonstrate the trickle filter at Gammans. 
Time:  10 minutes 
 
What to include: 
Go over Gammans’ processes. 
• First large particles are removed 
• Sludge settles to the bottom in a settling tank 
• Anaerobic digester removes methane and carbon dioxide which is used to provide 
40% of the plants power 
• Next is the trickle filter which is a biological process.  SHOW MODEL.  
Microorganisms attach to two layers of trickle filter media.  The first layer is a 
coarse layer of stones which breaks down organic materials in the water.  The 
second is a finer layer where nitrogen is removed.  
• The water then goes to an activated sludge tank where oxygen is mixed in. 
• Next the water moves to clarifiers where solids settle to the bottom and sludge is 
removed while the water moves to maturation ponds and algae raises the pH, 
killing remaining pathogens. 
• The final step is the addition of chlorine to further disinfect the water. 
• The water at this stage in the reclamation process is only semi-purified and some 
of the water goes to be used for irrigation in parks, fields, and golf courses, while 
the remaining water goes to the Goreangab Reclamation Plant to be further 
purified to be safely used for consumption. 
 
Go over Goreangab processes. 
• Raw Water Blending: Water from Gammans and Goreangab dam are blended in 
this step.This is done to make the water make the semi-drinkable water from 
Gammans easier to treat.  Only 35% reclaimed water is allowed to be in 
Windhoek’s drinking water. 
• Pre-Oxidation and Coagulation:  Ozone is added here to bring the contaminants in 
the water together. 
• Flocculation:  The water flows into large tanks and is stirred in order to collect the 
particles in the water. 
• Dissolved Air Flotation Stage:  Air is injected into the water and all of the 
particles float to the top and are skimmed off the surface. 
• Sand Filtration Process:  This step removes metals and all the other suspended 
particles. 
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• Oxidation:  Chemicals are added so that microorganisms can consume viruses and 
parasites found in the water. 
• Biological Activated Carbon Filtration & Activated Carbon Absorption:  
Microorganisms are attached to carbon and consume biodegradable material in 
the water. 
• Ultra-Filtration Membrane:  All remaining viruses, pathogens and bacteria are 
strained out of the water through very thin “straws.” 
• Disinfection and Stabilization:  Chlorine is added in this stage to disinfect and 
Caustic Soda Lye is added to adjust the pH. 
 
 
Part Three:  Windhoek’s Water Distribution System 
Purpose:  Show students how Windhoek’s water distribution system works. 
Instruction:  Make use of poster and go over each step with the students.  Explain how 
reservoirs, dams, boreholes, treatment plants, and homes are interconnected. 
Time:  5 minutes 
 
Part Four:  Game 
Purpose:  Highlight importance of water reclamation in Windhoek. 
Instructions:  See instructions at end 
Time:  20 minutes 
 
 
Part Five:  Water Conservation 
Purpose:  Emphasize importance of saving water and showing students that they can 
help. 
Instruction:  Ask audience to how they conserve water at home. Write all responses on a 
flip chart or blackboard. When all responses are given, write down those that have not 
been mentioned. 
 
Ideas on what to include: 
• Turn off faucets to avoid leaks 
• Water plants at night or early morning 
• Reuse water to water plants or chores around the house 
• Use a bucket of water to wash a car rather than a hosepipe 
• Turn off faucet while brushing your teeth 
Time:  5 minutes 
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Appendix F: Water Recycling Game 
 
 
                      
 
 
 
Time: 20 minutes 
 
Materials: Blue cards  
 
 
The group should break up into the following different groups: 
Percentage of the group: 
Irrigation-40% 
Residential Areas-20 % 
Industrial Areas-20% 
Gammans Water Care-10% 
Goreangab Water Reclamation-10% 
Water distribution system: 1 person 
 
Phase I. 
 
Give the Water Distribution System (WDS) volunteer the water cards. The water demand 
of each group is equal to the number of people in it. The WDS volunteer will be given 5-
10 less water cards than the total number of people in the group.  The volunteer will then 
distribute the cards to the different demand groups in a rotating fashion.   
 
The number of cards will run out before all demand groups have been satisfied. Tell each 
group to sit on the floor when the WDS can not give them anymore cards. Without water, 
trees would die, humans would die, and industries would not function.  
 
One of the facilitators should now prompt the audience to discuss what just happened. 
The facilitator should emphasize the water shortage in Namibia. 
 
Phase II. 
 
The facilitator should now introduce the second phase of the game by talking about the 
implementation of Gammans Water Care Works and the Goreangab Reclamation Plant in 
Windhoek. The second phase of the game will utilize these two plants.  
 
The Water Distribution System Volunteer will give an equal number of cards to 
Irrigation, Residential and Industrial, except now they will receive cards from the 
Goreangab volunteer as well. The WDS will give the cards they get from Goreangab and 
give them to the residential and Irrigation areas, saving new cards for Industrial.   
 
Water Distribution System Role-play 
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Now the Residential areas will give used cards to Gammans.   
 
Gammans will receive cards from Residential. Gammans will give every other card to 
Irrigation and the others to Goreangab. 
 
Goreangab will only receive cards from Gammans. Goreangab will give the cards to the 
WDS volunteer.  
 
Residential area will receive cards from the WDS 
 
Industrial area will receive cards from the WDS and from Gammans. 
 
In this phase the water cards will not run out and a cycle should appear. The facilitator 
should stop the group after they see how with the reclamation plants there is enough 
water. People should re-gather as a whole and talk about what happened when the plants 
were added. 
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Appendix G: How to Build a Trickle Filter Model 
 
 
Materials:  
 
clean sand i.e. pool filter sand  
clear plastic bottle (or other cylindrical clear plastic container with a tapered bottom) 
coffee filter paper  
plastic disc 
clean small to medium rocks 
 
Procedure: 
 
The coffee filter paper is put on the bottom of the clear plastic bottle/tapered 
cylinder. Plastic with small holes drilled into it is inserted on top of the paper so the sand 
will not fall out. Sand is then poured into the bottle. Then small to medium rocks are 
added to the top. Now the filtration portion of the trickle filter is complete.  
The stand can be made out of anything, as long as it supports the plastic bottle and 
holds it above the water tight bin to collect the filtered water. It is best if the 
bottle/tapered cylinder actually sits inside of an opening to help with stability.  
Below is a diagram of the trickle filter we made for our particular presentation. It 
is important to note that a trickle filter is a biological process and the cleaning of the 
water by microorganisms cannot be demonstrated. However, the filtration of large 
particles can be shown using fine sand. 
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Appendix H: Image of Trickle Filter Model 
 
 
 
 
 
This is the model of the trickle filter that we built representing one of the major steps in 
water treatment at Gammans Water Care Works. 
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Appendix I: Water Distribution System Poster 
 
 
 
This is the poster that we designed to represent how the reservoirs, dams, treatment 
plants, and homes are interconnected. 
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Appendix J: Water in Windhoek Pamphlet 
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Appendix K: Student Survey 
 
 
           Educating about Windhoek’s Water Distribution System 
Immanuel Shifidi Pilot Presentation 
4/25/05 
 
Please answer these questions as honestly as possible.  The answers will be used to 
make this presentation better for future audiences. You do not need to give your 
name.  Please use the back of this sheet if you need more space to write. 
 
Please rate the following accordingly: 
     1                  2                3                4                     5 
          Very Poor        Poor          Fair            Good           Excellent   
 
1. Overall presentation  _______ 
2. Part One:  Discussion of Windhoek’s Water  ______ 
3. Part Two:  Descriptions of Gammans and Goreangab  ______ 
4. Part Three: Windhoek’s Water Distribution System  ______ 
5. Part Four: The Game  ______ 
6. Part Five: Water Conservation  ______ 
 
7. Did you learn anything new?   
If yes, what did you learn? 
 
If no, what would you like to learn more about? 
 
8. Do you recommend that other people hear this presentation? 
If so, who? 
 
9.  Do you feel any differently about your water after hearing the presentation? 
Explain. 
 
10. What did you like about the presentation? 
 
11. Do you have any recommendations on how to improve the presentation? 
 
Thank you for your help!! 
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Appendix L: Student Survey Results (Responses) 
 
 Presentation Surveys: Ratings and 
Recommendations 
 Overall  Source  Treatment  Distribution Game  Conservation Recommendations? 
 ID Rating Rating Rating  Rating Rating     Rating 
 1 4 2 4 4 4 2 Talk slower, more pictures 
 2 4 3 5 5 2 4 Talk slower, more pictures 
 3 4 4 4 5 5 5 No, it was great 
 4 5 3 5 3 4 3 Talk slower, more pictures 
 5 4 3 4 2 4 4 Talk slower, more pictures 
 6 5 4 4 5 5 4 Other 
 7 4 5 3 4 5 2 Other 
 8 4 3 blank 4 5 4 Other 
 9 3 4 5 5 4 4 Other 
 10 5 4 3 4 5 5 No, it was great 
 11 5 4 4 5 5 3 No, it was great 
 12 3 2 4 4 2 3 No, it was great 
 13 4 5 5 5 4 3 No, it was great 
 14 2 3 4 5 4 5 No, it was great 
 15 2 1 4 4 4 3 No, it was great 
 16 3 4 5 5 5 blank No, it was great 
 17 5 4 4 5 5 4 No, it was great 
 18 5 3 4 5 5 4 No, it was great 
 19 5 4 5 5 4 5 No, it was great 
 20 5 4 3 3 4 1 No, it was great 
 21 5 4 4 4 5 4 No, it was great 
 22 3 4 5 5 4 3 No, it was great 
 23 5 4 4 4 5 4 No, it was great 
 24 4 4 5 5 1 4 No, it was great 
 25 3 4 2 1 5 blank Other 
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 Overall  Source  Treatment  Distribution Game  Conservatio Recommendations? 
 ID Rating Rating Rating  Rating Rating n Rating 
 26 4 4 4 4 4 4 No, it was great 
 27 5 3 4 5 5 5 Talk slower, more pictures 
 28 4 2 3 4 4 4 Talk slower, more pictures 
 29 1 3 3 4 5 5 No, it was great 
 30 4 3 3 5 5 4 No, it was great 
 31 4 4 4 4 4 4 
 
 Presentation Surveys: Open Ended 
 ID What you learned Who should hear this? Feel Differently?            What part did you like? 
 1 Other Students and Children Conservation is important Distribution system 
 2 Windhoek Recycles Nobody Our water is cleaned and safe Water Conservation 
 3 Windhoek Recycles Communities in Windhoek Conservation is important Other 
 4 Conservation Other No Water Conservation 
 5 Treatment Process Nobody Our water is cleaned and safe Recycling Game 
 6 Windhoek Recycles Communities in Windhoek Water goes through an  Other 
 expensive process 
 7 Windhoek Recycles Students and Children No Recycling Game 
 8 Conservation Communities in Windhoek Conservation is important Process description 
 9 Treatment Process Nobody Conservation is important Distribution system 
 10 Conservation Communities in Windhoek Conservation is important Water Conservation 
 11 Conservation Other Conservation is important Process description 
 12 Treatment Process Communities in Windhoek Conservation is important Process description 
 13 Windhoek Recycles Students and Children Conservation is important Process description 
 14 Windhoek Recycles Other Conservation is important Distribution system 
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 ID What you learned Who should hear this? Feel Differently? What part did you like? 
 15 Windhoek Recycles All of Namibia Conservation is important Distribution system 
 16 Treatment Process Nobody Our water is cleaned and safe Distribution system 
 17 Treatment Process Communities in Windhoek Water goes through an  Distribution system 
 expensive process 
 18 Treatment Process Nobody No Recycling Game 
 19 Windhoek Recycles All of Namibia Our water is cleaned and safe Recycling Game 
 20 Windhoek Recycles Students and Children Proud Windhoek recycles Recycling Game 
 21 Conservation Communities in Windhoek Conservation is important Recycling Game 
 22 Conservation Communities in Windhoek No Recycling Game 
 23 Treatment Process Nobody Conservation is important Recycling Game 
 24 Windhoek Recycles Nobody Our water is cleaned and safe Other 
 25 Treatment Process Communities in Windhoek No Recycling Game 
 26 Windhoek Recycles All of Namibia Conservation is important Recycling Game 
 27 Other Students and Children Conservation is important Recycling Game 
 28 Windhoek Recycles Students and Children Water goes through an  Distribution system 
 expensive process 
 29 Windhoek Recycles Communities in Windhoek Water goes through an  Other 
 expensive process 
 30 Treatment Process All of Namibia Our water is cleaned and safe Other 
 31 Conservation All of Namibia Conservation is important Model 
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Appendix M: Student Survey Results (Graphs) 
 
Pilot Presentation: Immanuel Shifidi 
Students Survey Results 
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Appendix N: Water Quality Sampling Points 
Code Res Name Code DS Name LINK_MIXURE LINK_PRESSURE 
TOWNSHIP 
GROUP 
RS0010 Abattoir 1 DS0540 Penning Str Moira PB         PZ1        TGA 
RS0010 Abattoir 1 DS0280 Kitaar Str PB         PZ1        TGA 
RS0010 Abattoir 1 RS0010 Abattoir 1 PB         PZ1        TGA 
RS0010 Abattoir 1 DS0050 Ind Ave Kat Clinic PB         PZ1        TGA 
RS0010 Abattoir 1 DS0270 Claud Kand Hereford PB         PZ1        TGA 
RS0010 Abattoir 1 DS0530 
Hans U Str Roads 
North PB         PZ1        TGA 
RS0030 
Okuranyangava 
Res DS0580 Jul Nyerere Tauno Hati PB         PZ13       TGA 
RS0030 
Okuranyangava 
Res DS0590 Etetewe Str PB         PZ13       TGA 
RS0030 
Okuranyangava 
Res RS0030 Okuranyangava Res PB         PZ13       TGA 
RS0030 
Okuranyangava 
Res DS0220 
Omuvapu Str King 
Kaulu PB         PZ13       TGA 
RS0030 
Okuranyangava 
Res DS0230 Omulunga Str Omuve PB         PZ13       TGA 
RS0030 
Okuranyangava 
Res DS0570 Ongava Str Onyeka PB         PZ13       TGA 
RS0040 Katlo 1 DS0550 City Str PB         PZ8        TGA 
RS0040 Katlo 1 RS0040 Katlo 1 PB         PZ8        TGA 
RS0040 Katlo 1 DS0210 Kingsley Str Aswan PB         PZ8        TGA 
RS0040 Katlo 1 DS0560 Eveline Tolla Str PB         PZ8        TGA 
RS0040 Katlo 1 DS0110 Marico Black Rose PB         PZ8        TGA 
RS0050 Katlo 2 RS0050 Katlo 2 PB         PZ8        TGA 
RS0020 Abattoir 2 DS0060 
Iscor Rd Nam 
Breweries VBT        PZ2        TGB 
RS0020 Abattoir 2 DS0650 Sheffield Str-Meatco VBT        PZ2        TGB 
RS0020 Abattoir 2 RS0020 Abattoir 2 VBT        PZ2        TGB 
RS0060 Lafrenz Res DS0080 
Rensburger Str Nam 
Bev VBT        PZ10       TGB 
RS0060 Lafrenz Res RS0060 Lafrenz Res VBT        PZ10       TGB 
RS0070 
Western Res No 
1 RS0070 Western Res No 1 PB         PZ15       TGC 
RS0070 
Western Res No 
1 DS0410 Edsel Str PB         PZ15       TGC 
RS0070 
Western Res No 
1 DS0200 Washington Str PB         PZ15       TGC 
RS0070 
Western Res No 
1 DS0020 Harvey Str State Hosp PB         PZ15       TGC 
RS0070 
Western Res No 
1 DS0700 Gammams Lab PB         PZ15       TGC 
RS0070 
Western Res No 
1 DS0040 Gladiola/Visarend Str PB         PZ15       TGC 
RS0070 
Western Res No 
1 DS0330 Kornalyn Str Jade PB         PZ15       TGC 
RS0071 
Western Res No 
2 RS0071 Western Res No 2 PB         PZ15       TGC 
RS0090 Low Lvl_Res DS0190 BambooPalm Str PAPQ       PZ11       TGC 
RS0090 Low Lvl_Res DS0290 Hayden Str PAPQ       PZ11       TGC 
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RS0090 Low Lvl_Res RS0090 Low Lvl_Res PAPQ       PZ11       TGC 
RS0090 Low Lvl_Res DS0430 Omuramba Rd PAPQ       PZ11       TGC 
RS0090 Low Lvl_Res DS0360 Lorentz Str PAPQ       PZ11       TGC 
RS0090 Low Lvl_Res DS0390 Rob Mugabe Str Philip PAPQ       PZ11       TGC 
RS0100 CR Out RS0100 CR Out PAPQ       PZ5        TGD 
RS0100 CR Out DS0490 Robert Mugabe Str PAPQ       PZ5        TGD 
RS0100 CR Out DS0100 Vogelsang Str PAPQ       PZ5        TGD 
RS0100 CR Out DS0250 Beethoven Str Simpson PAPQ       PZ5        TGD 
RS0100 CR Out DS0160 Robyn Str PAPQ       PZ5        TGD 
RS0100 CR Out DS0300 Heliodoor Str Children PAPQ       PZ5        TGD 
RS0100 CR Out DS0090 Schaefer Str PAPQ       PZ5        TGD 
RS0120 LudwigAnna DS0380 Quenta Str PAPQ       PZ12       TGD 
RS0120 LudwigAnna RS0120 LudwigAnna PAPQ       PZ12       TGD 
RS0120 LudwigAnna DS0400 Herzinger Str 22 PAPQ       PZ12       TGD 
RS0120 LudwigAnna DS0500 Becky Str PAPQ       PZ12       TGD 
RS0120 LudwigAnna DS0690 Anna/Gevers Str PAPQ       PZ12       TGD 
RS0130 Avis Res DS0440 ZenobiaStr PAPQ       PZ4        TGD 
RS0130 Avis Res DS0450 Joey Str PAPQ       PZ4        TGD 
RS0130 Avis Res RS0130 Avis Res PAPQ       PZ4        TGD 
RS0140 Elevated Res RS0140 Elevated Res PAPQ       PZ6        TGD 
RS0140 Elevated Res DS0030 
Sam Nujoma Nam 
Dairies PAPQ       PZ6        TGD 
RS0140 Elevated Res DS0480 John ya Otto Str PAPQ       PZ6        TGD 
RS0140 Elevated Res DS0340 
N Mandela Rd SA 
Embass PAPQ       PZ6        TGD 
RS0150 Auasbl Res DS0470 Modane Str PBKK       PZ3        TGE 
RS0150 Auasbl Res RS0150 Auasbl Res PBKK       PZ3        TGE 
RS0160 KLKuppe Res RS0160 KLKuppe Res PBKK       PZ9        TGE 
RS0160 KLKuppe Res DS0460 Arebusch Str PBKK       PZ9        TGE 
RS0160 KLKuppe Res DS0150 Adamax Str PBKK       PZ9        TGE 
RS0160 KLKuppe Res DS0140 Silver Str ProspShop PBKK       PZ9        TGE 
RS0170 High Sam DS0350 RwalkerLraymond PBKK       PZ7        TGE 
RS0170 High Sam DS0010 Diaz PBKK       PZ7        TGE 
RS0170 High Sam RS0170 High Sam PBKK       PZ7        TGE 
RS0170 High Sam DS0130 FrFredMSpence Str PBKK       PZ7        TGE 
RS0170 High Sam DS0240 Auas Safari Hotel PBKK       PZ7        TGE 
RS0170 High Sam DS0260 Blackwood Str Eike PBKK       PZ7        TGE 
RS0180 P/Park Res DS0180 LongIsland Str PBKA       PZ14       TGE 
RS0180 P/Park Res RS0180 P/Park Res PBKA       PZ14       TGE 
RS0180 P/Park Res DS0320 Jordan Str PBKA       PZ14       TGE 
RS0180 P/Park Res DS0370 Potgieter Str PBKA       PZ14       TGE 
RS0180 P/Park Res DS0520 UNAM Gate PBKA       PZ14       TGE 
RS0180 P/Park Res DS0120 Kingfish24 PBKA       PZ14       TGE 
RS0180 P/Park Res DS0420 Papageien 20 PBKA       PZ14       TGE 
RS0180 P/Park Res DS0170 Scheppmann str PBKA       PZ14       TGE 
RS0180 P/Park Res DS0070 Plato Str PBKA       PZ14       TGE 
RS0180 P/Park Res DS0310 Jaspers Str FrGrocer PBKA       PZ14       TGE 
RS0180 P/Park Res DS0510 Hegel Bodin Str PBKA       PZ14       TGE 
RS0190 Luiperdval Res RS0190 Luiperdval Res PBKK       PZ16       TGE 
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Appendix O: Water Distribution Maps 
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